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LEXTER OF TRANSMITTAL 


Dktaktmknt ok tiik Interior,* * 

ISlIiEAl* OK Education, 

II <u*hin<jton^ -SHcptrmhcr 21 , 1920. 

Sut: On May 14-15 1 field in Washington a Conference on Educa- 
tion for Highway Engineering and Highway Tr;msj>ort. This was 
attended by about 75 highway engineers, deans and super vik>rs.. of 
engineering in colleges, universities, and technical schools, National, 
Sate, -a yd county highway commissioners, and men interested in 
highway and automotive transportation. Out of this conference 
there grtfw a committee which will continue the consideration of this 
subject until the desired results in more adequate preparation for 
these phases of education have been obtained. The proceedings of 
die conference have been edited for publication as a bulletin of the 
Bureau .of Education. I am herewith transmitting the ihtyiuscript. 

This bulletin contains much material of immediate and practical 
value to those who*are directly, interested in the problems of educa- 
tion for highway engineering and highway transport. 1 am, there- 
fore. ashing that it IV printed as early as possible. 

Ih-spert fully submitted. ^ 

^ ‘ 1*. 1\ Cl.AXTON, 

Commissioner . 

The Skckktauy or this Interior. 
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EDUCATION FOR HIGHWAY ENGINEERING 
AND HIGHWAY TRANSPORT. 


INTRODUCTION. 

j IVgbmmnrv .in vest i«x;i t ions nfnde by the Bureau of Education. 

Willi i ho cooperation of (he P»mvaifof Public Hoads, flic National 
Automobile ( lumber of Commerce. (lie State highway departments, 
a ind other agencies national in scope. have "Nyealcd the necessity of a 
ivhilively 1 strife miinher ol college tin ii fed non able to.cope with tlie 
•i^:;ny problems ol highway and highway transportation engineering. 

In order to determine more umirutclv these needs the Commis 
ounto* of Education called a meeting of. a committee on January 2^. 

in the Bureau of, Education. The committee. in addition to 
(ommissioner Claxton, included the following: Mr.. T. Warren ' 

Allen, gene nil inspector. Bureau of Public Hoads; Mr. A. T. G’old- 
Mi. engineer of tests. Bureau of Public heads M|r. Charles R. . 
Mann, chairman, Advisory Board, War Plans DiWsion, War De- ^ 
partmont ; Dr. Samuel P. Capen, ai\tl I)r. Walton C. John, Bureau of 
Kdiicatibn. 

1 he committee studied in a general way the nature of some of the 
[iroldeins facing the colleges of engineering; first, with respect to 
die iinprovejncnt of highway engineering curricula; second, with 
respect to the number of college-trained highway engineers probably 
required in the near future; third, with respect to increased res&Irch 
in highway construction problems. ( 

It was recommended that further inquiry should bo made into 
the problems presented, on account of the lack of data. 

Alihost at. the same time the leaders in the automotive and tire 
industries becamc^awnrc of a need of a large number of colloge- 
trained men to further the many interests of highway transportation. 
Consequently, representatives of highway transport interests were 
called into conference on February 13, 1920, by * I r/ Roy D. Chapin, 
^president of the Hudson Motor Car Co. The conference group in* 
\rhided Mr. It. C. Ilurgreaves, vice president of the National Highway 
Traffic. Association, and district manager of the Goodrich Tlre v & 

I It libber Co,, of Detroit* who acted as chairman of the- meeting; 

Mr. Pvke Johnson, secretary of the highways committee of the 
National Automobile Chamber of Commerce, Washington, D, C..; 

Mr. C. W^teid, chief of the transportation^ bureau of the Federal 
Highway Council, Washington, D. C. ; Mr. E. T. Herbig, secretary 
j and. treasurer of the National Association of Motor Truck Sales 
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' C -V P«igo Motor Co., ft, roh 

Mr ^l 0 ' « ' !, lllschafer ’ Cllam,,er Motor Car Co., Cleveland, Ohio' 
Mr. John S. leaison. representing T)r, Hollis Godfrey, president of 

-^:;ir:ti^ ,at,eli,,,ia; and Dr - 

An attempt was made at tins meeting to ascertain in a m, m i 
*"qv- t' C (XtPnt ° f <l " <ll l " initls for “"lo-li-uek'tjperators. fleet mana 
m?ree I 'flT 1 ,,,n 111,(1 transportation salesmen. It was 

agre d that each one of the. interests represented at the mLZ 

should endeavor to .deline more clearly the problems which wet! 
bemg ratsed order that at a future time suitable recomn enduiom 

swrn: ^ * - - 

arcsrs 

tlte Michigan I n. on, on April 15, This.meeting was attend 

y representatives of the automol i ve un<l tire industries, the Michigan 
State ll'ghway ( on, mission, American Association of State HHnvav 
Officials, cofleges of engineering, ami the Bureau of Education ' 

J he following delegates were present : 

the 


wiSinetTing ilfpurtnicnt, Hoiruit Institute ’of 


C. .It. AUlen, hem] of 

Technology. 

■ x issues::;;;; assi-ssr. 

National Automobile Chamt>er of Commerce 

N " ,i0 " nl Autwmoblle «•»"*«■ of Coiumerce.'New York K V 
K W. Davis consulting engineer. i-ierce-Armw Motor Car Co Buffalo NY 

- “CiS;? 1 ; 0 ~ i *»«"<■» ..o™bi„u««. 

"""f M d ‘" 1'iiriiue I,. 

of Molor'tw 

. bales Managers, Wabash, liul. . ^ TOl 

O. T. Hills'luifer, Chandler Motor Car Co., Cleveland, Ohio 

wlnlTr rr e ’o Ti dPnt • Sl '""° l ot Ap P ,,ed *Wen«. Cleveland, Ohio 
p V “ . ^ John • 1 n,tft StMw * !{llr «>u ot Education. Washington, D. C 

. JtSZgTZ'ZStTT'* a.«„.c 6 .„„; 

. George.E. Myers, professor of In.lustrlal education, University of Michigan and 

' Xr, Mich Q tF 1UC0tlOn f ° r S,a,e b0aK ’ f ° r V0a “ l0na ' W,UCnt '° n ’ AnD 

« ra « k ^Jk 8 !, r8 ^ halrman Statc l,iKh ' v °y 'commission, Lansing, Mleh. 

” N.* ' ’ atrec J or . ot ^ -technical instruction, Y. M. C. A. schools, New York, 

. J, G.- Shirley, secretary Federal Highway Council, Washington, D.'O. ' 

. E. Riggs, professor of civ il engineering. University of Mltylgan. f 






■ , . w/tej 


$ 


CON DEN SEP REPORT OF THE PRELIMINARY CONFERENCE ON 

HIGHWAY AND HIGHWAY TRANSPORT ENGINEERING ^DUCA- 4 
1 TIO>\ ANN ARBOR, MICH,, APR. 15, 1920,, 

4 ..Tdie preliminary conference on highways and highway transport 
en^ri nOoriii" education was held in the Miclugnn Union. April 15, 1920. 

J 1 »<• temporary chairman, Mr. Roy D. C’lia pin, called the' meeting 
to oilier at 11 a. m. Before introducing the chairman of the day, Mr. 
tint pin culfed attention to the important 'changes in the mode of 
living in this country .which have Result ed from the use of the motor, 
y*Y. The automobile and motor truck have become vital fgctoi^ in 
m:i interning our economic equilibrium. , ^ . 

During the latter part of the nineteenth century this country wit- 
m>M*d a great period of railroad construction. However, in recent 
years relatively little railroad construction has been undertaken, but 
there has been a great increase in the use of highways foj^the shorter 
hauls. The war made it clear that the roads had become very im- 
portant commercial arteries; and, on account pf the increasing de- 
mand for Jiighway transport, unusual problems have developed in 
highway construction and maintenance in addition to' those of high-* 
jYHV transport. 

Among those problems is*that of the education of men capable of 
meet ing the issues of the new era of gas. 

. The automobile industries doubtless employ more trades than any 
^ther industry, and each of these must have men w ho understand the 
problems connected with nuto transportation. 

It is the purpose of this meeting to study the means by which 
colleges and universities 4*n be helped in developing the right 
courses of study and in bbtkining those men which are urgently, 
needed in the development of highways and highway transport in 
this country. %■ 

Mr. Chapin then introduced the chairman of the clay. Mr. R. C. 
Hargreaves, of Detroit. 

Mr. Hargreaves emphasized the importance of* this new era in 
transportation. Attention was called to the value of the work done 
tip to the present by highway engineers in building roads for this 
new type of transport. ... - ' 

Nevertheless, the time has come for the preparation of fundamen- 
tal data concerning the many phases "of highway transport, similar 
in scope and importance to the notable work by Wellington entitled 
*Th$ Economic Theory of the Location of Railroads.’’ * . * 

• • -■ ve ' •’ 
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Mr. Frank F. Rogers, chairman of the Michigan State Highway 
Commission. 1 was introduced at this time. , 

He stated that out of the ^50 employees now working for ‘the State 
highway department about 80 or 90 are -graduated eivil engineers; 
the rest are men who have had more -or less engineering education, 
v with t fie exception of the clerical and auditingforces. Mr. Uo*rcrs's 
preference is for college graduates who have been raised on the farm 
or in a sn\all. country village, for men who understand the psychol* 
ogy of the farmer. 

, It was also brought out that the time had come when there should 
be a clear understanding between the manufacturers and users of. 
motor vehicles— particularly trucks— that these vehicles should not 
be built, nor should they be loaded, beyond certain limits, in order 
.that the expense of road building might not reach a prohibitive 
figure. 

The chairman next introduced Mr. George C. Diehl, county engi- 
neer, Buffalo, N. V. • 

, Mr. Diehl discussed the highway engineering and highway trails- 
port professions from the standpoint of the American hov. He 
„ called attention to the necessity of building the boy’s character hy 
means of a work or a profession which will be of utility am] service. 
Such vocations are found in modern highway construction and in 
r ,-those industries. which center al^out auto transportation. 

Furthermore* boys and girls should knOtv'the vnlue of the high* 
way. The study of the road problems should not be limited to the - 
college, but should t>o a part of elementary and high school programs. 

Students should know the fules of the road anil of traffic. 

It, is also (Jesiralde that highwa/^TITIcers of all types should have a 
far greater acquaintance with tfie economics of road construction ami 
of traffic regulations. v . 

Mr. H. G. Shirley, secretary* of the Federal Highway Council. 

• stated that' road builders could put the crush of . the road together. 
They could assemble the materials, they could mix them, and thov 
could spread them for the slab; but up to the present nothing was 
- definitely known of the -construction or the contents of the ground 
on which the slab is 'to rest. Few superficial tests have been made. 
Nothing is known concerning the attraction or the gravitation 6 f the 
. soil; nothing about its bearing power. 

Not until the problem of the 9oil is solved will roads be built sub*, 
stantially or .economically. 

The next on the program was Mr. E. T. Herbig, secretary and 
' treasurer of the National Association of Motor Truck Salesmen, who 
said, in brief; 


? Mr. Rorcw wfiA iitflo delegated to ' represent Mr, Paul D. Sargent, prealdent of tb« 
American , A delation of<8ftfTt Tllghiraj Official*. ' ' . 
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There are 700,000 motor -trucks in the country to-day, representing 
an investment of nearly ^.lM)(),OlM).OOo; This does not include upkeep * 

and maintenance, which reach a very much higher figure. Yet it is 
said that the motor-truck industry is still in its infancy. 

Motor-truck fleets are lieing operated to an increasing extent by 
individual owners. Mention maybe made of the American Railway 
Express '(Jo,, that now o|K*rates approximately v J.0l)() motor trucks. 

The Armour, Sjvift, Cudahy. Morris, and Wilson packing companies 
own and o]>efate very large Meets of motor trucks. 

The* truck manufacturers arc seeking men competent to take over j 

the handling and supervision of these large investments in motor- ■> 

truck equipment. These men are hard to find. 

It should also he home in mind Aiat to-day the motor-truck fnanu- 
fiu-turers are not -sidling merely motor trucks: thev are selling 
transportation — t)iat is. fitting the particularly well-adapted trans- 
portation unit to the particular job. 

In view of the opportunities opening up for trained motor-truck 
engineers, trans|>ortat ion experts, etc., special courses, collegiate in 
character, should he offered for the training of these men. _The 
training of motor-bus and motor-truck drivers deserves special atten- 
tion in view of the important investments involved. 

Mr. F. W. Davis, of the Pierce- Arrow Co./ followed and spoke of 
liis effort to train men to take charge of motor-truck fleets. In pre- 
paring for his lectures lie found a great deal of information avail- 
aide but in poorly- organized form, .There was, indeeM, a greht need 
of a handbook on high wnv*\trnnsport, just ns tlfe chairman had re- 
marked. , 

llie Society of Automotive Engineers lias planned to gather data 
concerning the rudiments of the science of transport engineering. . ; 

THE A fterxoon SEssmy. 

' • t 

After adjournment for lunch the afternoon session Aas called to 
onK*r by Chairman Hargreaves at. 2 p. m. Mr. Chapin at this’time. 

.spoke of the greatly increase* 1 use of the pa>senger -imtofnobile. This • 

. adds materially teethe problems now under discussion. "Nevertheless. 1 

education for the automotive industries goes far lievond that. of . 
training skilled engineers or mechanics. It means the preparation ' 
of men for such varied services as are found in advertising, service, w 
and executive departments. The educational problem is indeed a * 
general one. * * ; 

President O. S. Howe, of Case School of Applied Science, was next . 
introduced, . * .. ! 


His viewpoint was that of the college executive. He agreed with ^ 
fho speaker who had said u We did not know very much al>out high* " 
way construction ”; he woidif go further and say “ We don ? t know; ; ^ 
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anything about it.' AA hen the*best road an "engineer can build is 
I'lit down and goes all to piecWin one season, and the* bottom al*, 
drops out, it is evident the engineer did not know the principles of 
highway construction. 

. *• v V 

special study of the highway should be made, preferably by a 
Government organization with adequate authority and plenty’ of 
money. This organization should experiment with all kinds of soils 
and all kinds of roads. 

• AS to the colleges, they me vi'ry desirous of helping in the s„li|. 
tion of these problems, but they are limited in many ways and es- 
pecially in the matter of money. A huge number of college faeultv 
members are leaving because manufacturers offer higher salaries 
thon the colleges can pay. If the colleges are to expand and give 
the industries the 'men they want, college faculties must be greatly 
enlarged, but the increased amounts needed to pay the new profes- 
sors can not at present be obtained. The situation is also further 
complicated by the great increase in college enrollments. 

As to specialization in engineering, it was felt that there was a 
danger of oyerspecializatioi) on account of the demands of the many 
and varied industries for specialized courses or curricula. The col- 
lege should not specialize too much. Perhaps the additional special 
.training now needed in highway and highway transport engineering 
could be successfully carried on in a practical wav during the fresh: 
man, sophomore, and junior vnhitTon periods. This experience would 
make the-students more useful to the industries' immediately after 
graduation. J 

It should be borne in mind that most of these students mint t ike 
up something that will pay them, so that they can lav up money to 
live on the following year while they continue their college work.’ 

Dr. W. K. Hatt, of Purdue University, was the next speaker, 
lie called attention to the unexpected load under which the engineer- 
ing schools are staggering. He suggested that the automotive inter- 
ests should endow chairs in highway transport and should come to 
the campus ns other organizations are doing nnd recruit students for 
their own needs, and at the same time there should be established 
organic cooperative relations in the colleges for reciprocal service in 
training men for these industries. * 

_In introducing the ’next sppaker, Prof. A. II. Blanchard, of the 
University of Michigun, Chairman Hargreaves spoke of the leader- 
ship of the university in developing comprehensive, courses in high- . 
way engineering and', highway- transport and in offering special 
facilities for^tudy and research to engineers in ftQtive service. 

Prof. Blanchard, in the opening of his remarks, stated that ffiK 
men to be trained^ by the universities' for positions in the field of ' 
highway engineering fall into three classes: First,, the men wlio 

v : ■ - 
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are to enter the highway departments of our States, counties, and 
municipalities; second, the men who are to be engineers for highway 
contractors; and, third, the men who are to occupy the positions of 
sales engineers for companies manufacturing highway machinery 
and materials. As has already been outlined, ihe demand for those 
*im*n far exceeds the supply. How is the demand being met to-day? 

Highway engineering in the majority of the institutions through- 
out the United States is looked upon as a side issue. In many insti- 
i uf ions the course in’ highway engineering consists of descriptions 
of methods" of constructing various types of roads and pavements. 
Xaiu rally the result has been that only two or possibly three hours 4 
per week for a half year of the entire four years have been devoted 
to this subject, and in the majority of institutions the work has 
been given by men who have had no training in highway engineering 
iiiid have no interest in it. Due to the fact that the great majority 
of institutions only give a two or three hours’ course, the presidents, 
trustees, or boards of regents do not consider it practicable to secure 
the services of a man who is especially trained in that field. 

The situation is complicated in those institutions which feel that 
mon attention should be given to highway engineering, because many 
able teachers of highway engineering are leaving educational insti- 
tutions on account of the low salaries paid and the readiness with 
v\hn ii they can secure professional or commercial positions in high- 
wav work to which is attached satisfactory financial remuneration. 

If it is desired that highway engineering be taught in the near future 
by properly trained men, it will be necessary to select institutions 
well distributed throughout the United States and to create chairs of 
highway engineering which shall be independent of the financial 
budgets ofillc, institutions concerned. . 

Following this Prof. Blanchard Outlined various courses in high- 
way engineering and highway transport. In order to avoid dupli- 
cation the outlines are given on pages 87-91 in connection with the 
recommendations of the committee on highway transport education 1 
at the Washington conference. 

* By special invitation of the chairman, Prof. H. E. Riggs, of the 
department of civil engineering of the University of Michigan, gave 
a historical resum 6 of the development of highway engineering edu- 
cation at the University of Michigan. 

Prior to October, 1912, the work in the department of civil erf&i-* 
neering at the University of Michigan did not include any separate 
course in highway engineering. The only attention devoted to the 
subject was a small part of the time course on general municipal 
engineering problems. w ■ w 

In the spring of 1912 the department was recognized and the chair 
' v >a(^civil engineering was divided, new chairs being created ' in 
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structural engineering, sanitary engineering, hydraulic engineering, 
and highway engineering. This latter chair was not filled at the 
time that it was created, but new men were called to the university 
to the other three new full professorships. 

A course in highway engineering, two hours a week during the 
senior year, was inaugurated at this time and was required of all 
students in civil engineering. 

In the fall of 1914 it became evident to the staff that highway 
engineering was a subject of vital importance in the State of Miehi 
gan, anil that it would be necessary, in order to meet the demands 
of the State highway department and the county, to devote more 
attention to the subject than had been done in the past. 

Consequently. ~Mr. John H. Cox was asked to devote his whole time 
to the subject of highway engineering. Courses in roads and pave- 
ments, design of highway structures, highway laboratory, and high- 
way and municipal surveys were inaugurated in the fall of 1914. 
During'this year it Was felt that the work of the highway laboratory 
could be very greatly extended and its usefulness to the State em- 
phasized if it were placed at the service of’tlie people of the St^p. 
A program was formulated and perfected by the board of regents 
under which the highway laboratory was placed at the disposal of 
officials throughout the State and all tests of highway materials such 
as cement, rock, sand and gravel, concrete, asphalt^ asphalt mixtures, 
asphalt block, brick, and culvert pipe were made by the laboratory 
free of charge. One permanent assistant was placed in the labora- 
tory, and during the year a considerable number of tests were made. 

During the next four years the work, of the department grew 
rapidly and interest in the work devedoped very largely among the 
students. A most cordial relation has always existed between the 
departments in the university and the State highway department, the 
university being unreservedly back of every move which has been 
made by|the State highway commissioner to better conditions and 
methods in all parts of the State. * 

With the resignation of Mr. Cox to accept the county engincership 
of Washtenaw roads in the fall of 1919, Prof. Arthur H. Blanchard 
was appointed professor of highway engineering in charge of the 
university work. 

Prof. B1 unchard recommended th^ adoption of the short period 
mi d- winter cotirses which were perfected jj the regents and put into 
effect in a small way during the year 1819-20. The amount of work 
in highway engineering was somewhat increased and the courses en* 
riched, so that at the present time it is probable that the Michigan 
work Is unexcelled in any university in the** general character of the 
course that is required of graduates- taking thjs line of activity. At 
the same time that Prof. Blanchard was appointed; Mr. John- H. 
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Bateman, engineer for the State highway commi^ion, was appointed 
assistant professor of highway engineering and director of the labora- 
tory. The laboratory work lias been systematized and very greatly 
increased. In the fall of 1919 the laboratory was recognized as the 
official State laboratory of the State highway department. At the 
present time the work of the laboratory has grown to such an extent 
that five assistants are employed, and during the month of June, 1920, 
the laboratory completed 198 tests for the State highway department, 
[i for municipalities of the Stjarte, 10 for the University of Michigan, 
►ind 1 for the United States Bureau of Public Roads, a total r of 218 
tests. 


In the spring of 1919 Mr. Roy D. Chapin, president of the Hudson 
Motor Car Co., of Detroit, an alumnus of the university, urged on 
the civil engineering staff and on the authorities of the university the 
importance of devoting some attention to thte subject of highway 
transportation and the relation of the highways and the traffic to' take 
care of it, suggesting that courses in hi^iway economics and high- 
way transport he established. During the past year much attention 
has been given to this subject. One course was offered and given 
among the short-period courses, and courses were outlined for regu- 
lar university work in this subject. / 

Plans are on foot for a closer correlation of the work of the depart- 
ment of mechanical engineering* under which he:\d the subdepartment 
of automobile engineering is thoroughly established at Michigan, and 
tlie work of civil engineering. * 

It Seems to be dear that the present time, during the period of large 
expenditures in We building of roads and in view of the greatly in- 
creasing intcre^C in that subjeetjs the time for the colleges to devote 
their best energies to a thorough study of all phases of the economics 
and engineering of the subject. The president and board of regents 
ot the University of Michigan have been prompt in their recognition 
of the timeliness of. this work and have been liberal in the extreme in 
their support of it, in line with their general policy 'of' 'devoting-all 
available funds to the particular line of work which is of present im- 
portance and value to the people of the State. 

In this manner the work in highway engineering and highway #* 
transport has grown ut the University of Michigan froma very*small 
beginning six years ago to the work of importance, and ^fifgnitjide - 
from the educational standpoint and of merit as an adjunct and. 
auxiliary of the State highway department. 

From the outset it has been entirely free from politics and free 
from jealousies. The work is distinct. The university has nothing 
to do with the buildmg.of* rontIs in the State other than iri a purely T 
advisory capacity in the matter of passing upon the quality of ma- 
igiids and general subject of standards of specifications for 
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materials. Tin* majority of work is dearly the training and prepara, 
tion'of nieii for service in the field of highway engineering am! i D 
t ic new- field of transportation which is developing and will develou 
in our modern highways. . ^ 

At the ehairnmns request a brief summary of the discussion's of 
the committee were made by I)r. Willton C. John, of the bureau of 
KiluciiUon. who culled attention also to the fundamental work car- 
ried on by Mr. Chapin .and Mr. Hargreaves and their associates in 
YVashington at the time of the war. 

*1 fie* results of the national crisis in transportation have led alrmsl 
directly to this meeting in Ann Arbor and to the proposed confer- 
ence soon to be held in Washington. 

A clear outline of some of the larger problems now before the com- 
mittee is found in th’e book entitled “Democracy in iteconstruc- 
Don. In his chapter on “Motorized highways the basis of a 
national transport system,” Mr. Hargreaves has shown concisely the 
relation of an adequately planned and managed motor transport 
system to the economic development of the country* in time of peace. 
.He has also pointed out its determining character as an agency in 
the successful prosecution of war. . ° J 

REPORT or THE COMMITTEE ON RESOLUTIONS. 

t The following resolutions were proposed by the resolutions com- 
mittee and, on being put to a vote by the chairman, were passed : 

.^Whereas American science and Industry have forged n new : unit of 

transportation which is destined to bring about far-reaching changes in lift 
and In thought, not only in this country l.ui In the world.; and 
Whejtns as a vltnl necessity to the economic development of those prob- 
lems not alone In the economic locnHon. construction, and maintenance of oar 
highways, but In the preparation of skilled men to undertake both the admin- 
Isliallon and operation of these highways and of the Industries devoted to the 
production of these units of tmns|Hirt;itlon. nnd 

. . Whereas the American iieople have rooii fit to meet the need for better high- 
ways with appropriations for hundreds of millions of dollars for roadbeds 
which, can only he expended efficiently nml irttolllgontiy as we comprehend 
In the fullest extent the relatlonshlp.exlstlng between the highway and high- 
‘ asportation, while Industry has created giant organizations to stinulv 

the transportation units; and * 

Whereas these problems, calling ns they do for men of the.Jilghest collegiate 
nnd vocational preparation, can best be solved through the devolopnient of 
collegiate and vocational education in highway engineering, and highway 
transportation: Now, therefore,, be It . 

'■ linolved, Tbnt we, the representatives of education, Industry, nnd Govern- 
ment, assembled In conference at Ann Arbor to discuss the problems before as; 
do call upon the Hon. P. P. Claxton, Commissioner of Education of the United 
States, to bring this subject to the attention of Hie tVn.pl e t.f the 'Uni ted state.' 


itiio. 


i^raoeraej In Reconwruvllui.. ’ td.i.d l.y Uml. rlck a; Cleveland (ml Joseph S. hahr. 
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tlirotij.ii ii conference to be heUUn Washington and consisting of the leaders 
in thought and in action on this subject ; and be it further 

Resolve#, That in order to nesist' nnd advise with the United States Com- 
missioner of Education in ary Dimmer- which he may deem fitting, the chairman 
of this conference is directed to name a committee of three members, repre- 
senting education, industry, and Government. 

The chairman accordingly appointed the following gentlemen: 
Dr. Walton C. John, of the Bureau of Education; Mr. Thos, H. 
MacDonald, Chief of the Byreau of Public Roads, United States 
Department of Agriculture; and Mr. Pyke Johnson, secretary of the 
highways committee, National Automobile Chamber -of Commerce. 

At this conference the question of a four-year curriculum in high- 
way transport and cognate si^jjects will be carefully studied. We 
may bi* assured That the results of the investigations of this confer- 
ence, l*4h in behalf of highway* transport education and highway 
eng mooring education, will be studied carefully by engineering 
educators at large. 
i9843 c - -21 2 



PROCEEDINGS OF THE CONFERENCE ON HIGHWAY EN- 
GINEEIUNG AND HIGHWAY TRANSPORT EDUCATION 
HE^D IN WASHINGTON, D. C., MAY 14 AND 15, 1920. ’ 


PROGRAM OK TI1K CONFERENCE. 

* 

Chaiiman: P. P. Cluxton, United States Commissioner of Education. 
Executive secretary: Walton C. John, specialist in charge of land-grant col 
lege statistics, Bureau of Education. 

Educational secretary: K. I.. Itlsliop. dean of the school of engineering. Uni- 
versity of Pittsburgh, secretary of the Society for th£ Promoiiou of Engineering 
Education. # 

Friday, May 14,* Fojiknoon Sess io n 

10.00 a. m. ' % 

(o) 'Address of welcome by the chairman, P. P. Claxton, Commissioner of 
- Education. 

(6) The Widening Fluid for Engineers In Highway Development,’* by 
/ Thomas H. MacDonald. Chief of the Bureau of Public Roads, United 
States Department of Agriculture. 

(c) YTbe Need for Better Trnlned Men In Highway Engineering and High* 
'.way Transport Engineering,” by Roy D. Chapin, president of the 
Hudson Motor Car Co. 

( d > What Attitude should Technical Schools take toward the Demand 

for Training in a. New Professional Specialty,” by Samuel P. Capen. 
director of the American Council on Education. «( 

(e) “The Curricula in * Highway Engineering nndVj'rnnsportntlnn/’ by 
Walton C. .John, specialist in charge of land-grunt college statistics, 

• United States Bureau of Edueutiou. 


12.30 p. m* 


Rkckss, 


Afternoon Session. 


..Group Meetings. 

2.15 pm. . » 

(a) Conference committee on high engineering eft lira /ton. 

. Clmlvnmn: Thomas H. MncUohnW, Chief of the i$, m . nn of p nbUc 
Ronds. ^ 

Educational subcommittee: Secretary, W. K. Unit, hert'd of the school of 
civil enKlnoorliiK. I-urdue laiiv. i-sliy ; Hector J. Hughes. professor of 
f ,vU cnKluccrlutt, fiam.nl Unlversily ; C.-J. Tll.len, professor of engineer^ 
, Ing mechanics, Ynl0 University. 

(b) Conference committee oh high tray transportation education. 
Chalrnmis: Hcorgc O. l>ichl v cbaiftuan good -roads board. 
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2.15 p. m. — Continued. 

Educational subcommittee: Secretary, A. H. Blanchard, professor of high- 
way engineering and highway transport, University of Michigan ; Emory 
It. Johnson, dean, Wharton School of Ftnunce and Commerce^Untverslty 
of Pennsylvania; John Weber, usBoclufce professor of mechEurftfiu engineer- 
ing, University of Pittsburgh. 

(c) Conference committee oh haziness education and highway and technical 
research. 

Chairman: Dr. A. F. Woods, president of the State University of 
Maryland. 

Educational subcommittee: Secretary, George F. Zook, specialist In higher 
education, United States Bureau of Education; A. T. Goldbt'Ck, engineer 
* of tests. Bureau of Public Bonds; Charles S. Howe, president Case School 
/ of 'Applied Science. Cleveland, Ohio. 

3.45 p. m. 

Resolutions committee. 

Chairman, Boy D. Chapin, president 'Hudson Motor Car Co ( ; secretary, 
Pyko Johnson, see ret ary highways committee, National Automobile 
Chamber of Commerce. 


7.30 p. m. 


Banquet. 

Mr. Boy D. Chapin, presiding. 
Quests of honor. 


lion. John Barton Payne, Secretary of the Interior. 

Hon. Charles E. Townsend, United States Senator ’from Michigan. 

Satuiumy. May 15, 'Forenoon Session. 

10.00 a. in. 

Orncrat meeting. 

(a) Bonding of the reports and resolutions of the educational aubeonj- 
* ndttdes. 

(ft) Report of the committee on resolutions. 

(cj ApiM>intinent of the pormuuent committee, 
id )£Senentl discussUm. ' 

•12.45 p.m. ' ^ * 

Adjournment. . ■ r * 

List of Those Who AmcNor.i* Tin; CnNnaiKNrR on Highway and Highway 

TuANarOlUATION KNtilNKKltrNG KoLTATION. 


Representative* of Schools of Engineering, etc. 

1. A. H. Bhinelinrd, professor of highway engineering and highway transport, 

University oMIichigan, Ann Arbpr, Mich., and president National High- 
way Truffle Association. * 

2. W. K. Halt, head of the school of civil engiLeering, Purdue University, 

l/O/nyetfe, Ind. ‘ - 

3. Emory It. slnUnsun, dean of tlid Wharton School of Finance and Commerce, 

' University of Pennsylvania, Philadelphia, Pa. " 
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4. Hector J. Hughes professor of highway engineering, Harvard Engineering 

School, Harvard University, Cambridge, Mass. 

5. C. J. Tlldciuprofcasor of engineering mechanic*, Sheffield Scientific School 

Ynle University, New Haven. Conn, J- 

G. C. K lerris, dean of the school of enginwriia:, University of Tennessee 
Knoxville, Tenu. % 

7. T. K. 'I a I la for ro, dean of the school of engineering, State University of 

Maryland, College Park, Md. * * 

8. li. H. P. Hogg, professor of civil engineering, Virginia Polytechnic Institute 

Blacksburg. Vn. 1 

9. John* Welter, associate professor of mechanical engineering school of en- 

gineering, University of Pittsburgh, Pittsburgh, Pa. * 

10. John It. Lnpham, assistant professor chdl engineering, college of engineer- 

ing. ^Icorge Washington UnUVrsity, Wnshliigton, I>. C. , 

11. S. S. Steinberg, assistant professor of civil Adncerliig, school of engineering. 

State University of Maryland, College PuJ, Md. 

12. Harold D. Hatfield, director of the school of applied science. Howard Uni- 

versity, Washington, D. C. A 

13. A. 3. Scullen, department of civil engineering, Catholic Universilv of 

America, Washington, D. C. * 

Stati and County JHuhtray Officers, 1 


1. Tmil D. Sargept, chief highway engineer of Maine, ai d president of American 
* APsociation of State Highway Officials, Augusta, Me, 

2. George II. Diehl, county engineer. -Buffalo, N. Y., chairman of thc/Guod Roads 

Board, A. A. A. 

3. W. W. Mack, Ifcinwnre Highway Department, Dover. Del. 

4. G. P. Coleraan. State highway commission, Richmond, Vu, 

Executive and iSafiqfitial Representatives of the Automotive and Tire 
% Industries. 


1. Roy D. Chnpln, president Hudson Motor Cnr Co., Detroit! Mich., an* vice 

president of the Notional Automobile-Chamber of Commerce. 

2. II. S. Firestone, president Firestone Tire and Rubber Co., Akron, Ohio,' 

representing Rubber Association of AmeHca. 

3. M. L. Hemlmvny. manager Motor and Accessory Manufacturers’ Ass-ociatlon 

New York. N. Y. * * . * 


4. 

r>. 

G. 

7. 

8 . 

0. 

IQ. 

11 . 

12 . 

18 . 

14. 


K. T. Herblp, National Assoc, of Motor Truck .Sales Mannpers, Wabash, Ind. 
F. W. Davis, consulting engtneer, Plorco- Arrow' Motor Car Co., Buffalo. N. T. 

W. V. Logan, manager of.pneiimalle truck tire sales. United States Tire Co 
New York/N. Y, '* 

R. K. Macduff, Packard Motor Cijr Co., Wash! net on, D. C. * 

C. M. I’ikc. Paige Motor Co., Detroit. Mich. J 

C M, McCreeiv, 0 oval year Tire and Rubber Co.. Akron, Ohio. ^ 

Raymond Heck, Goodrich Tire ajid Rubber Co., Akron, Ohio. . . 

David Thomas, general manager Motor Truck Manufacturers’ Association,' 
33 West Forty-second Street, New York, ff. Y. * 

Ernest Farr, director Btilp by Truck Bureau, Akron. Ohio. 

F. O. Whipple. Service Motor Truck Co . Wabnsh. Ind. 

A. O. Horrocks,«oodyear Tire nijd Rubber Co. Atkron, Ohio. 
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pjkc Johnson. secretary highways committee, National Automobile Chamber 
of Commerce. Washington, D. C. 

H. It. Cobleigh. secretary Service Division, National Automobile Chamber of 
Commerce, New York City.’ 

M. 0. Kldrldge. director ojt roads, American Automobile Association, Wash- 
ington. IX C.. * 

S. M. Williums, president Federal Highway Council, Washington, D. C. 

II. 0. Shirley, s^ retur.V Federal Highway Council, Washington, I). C. 

C. W. Held, njana^er trnnsiH>rtatlou bureau. Federal Highway Council, 
Washington 


manager transput 
, D. C. ^ 


Representatives of Private Firms and of the {Automobile Press . 

* • \ 

A. N. Johnson, consulting highway engineer, Portland Cement Association, 
' Chicago, 111. 

Provost Hubbard, chemical engineer, Asphalt Association. New York, N. Y/ 
Clyde Jennings, nmnaging e<litor Automotive Industries, New York, N. Y. 

I'nul Wooton, representative of Engineering News Record of New York. N. Y., 
CIO Colorado Ruilding, Washington, D. C. . ■* 

George A. Ricker, representative Portland Cement Association, Union Trust 
Bulld'ng, Washington, D. (X 

J. F. Witt, care of Witt, Nagle & Rollins Co., Dallas, Tex. 

Representatives of Higher Institu^ans. 


S. ,V. Cupeii, director of the American Council on Education. Washington, 

D. C. 

A. K. Wood 8, president of State University of Maryland, College Park, Md. 
Charles S. Ilow coresident of Case School of Appned, Science, Cleveland, 

► Ohio, 

II. M.’ttugg, director of technical Instruction, Y. M. C. A. schoojs, New York, 

Representatives of the Federal Government . 

TFtn* Department. 

C. It. Mann, chairman, Advisory Rqprd, War Plans Division, War Deimrt- 
meat, Washington, D. C. v ' 

Lletit. Col. J. M. Ritchie, Motor* Transport Corps, United Stutes Army* War 
Department. % 

Capt. It. A. Osmjjn, Motor Transport Corps, United States Army, War 
Department, Washington, D.C. 

E. It. Jackson, Oi/lnnnce DeparthTent, United States Array, War Department, 

Washington, IK C. • 

« . ft 

* • Council pf National Defense . ' * 

L. L. Robinson, Council of National Defense, Washington, D. 0,^ ^ 

Federal Board for Voeatidhal Education. 1 

Capt, Frederick O. Smith, Federal Board for Vocational Education, Washing* 
ton. D. Cf ' . , . , . ' * 

Uoy.Dimmitt, FecVPral Board* for Vocational Education, Atlanta, Ga, 
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Department of Affriouituro. 


Et' 


__ _ ft 

1. Thomas H. MacDonald, Chief of the Bureau of Public Roads, Department of 

Agriculture, Washington, D. C. 

2. T. Warren Allen, general Inspector, Bureau of Public Roads. Department of 

Agriculture, Washington, D. C. 

3. P. St John Wilson, chief engineer, Bureau of Public Roads, Washington, D.C. 

4. K. J. James, assistant chief engineer, Bureau of V’ubllc Ronds, Washington 

^ D, C. , 

5. L. J. Hewes, inspector of public roads, Portland, Orqg. ' 

a A, T. Goldbeek, engineer of tests, Bureau of Public Hoads, Washington, D. C. 

* Department of I?* Interior. 

1. P. P. Claxton, United States Commissioner of Education, Bureau of Educa- 

tion, Washington, D. C. 

2. W. T. Bawden, assistant to the Commissioner, specialist in vocational educa- 

tion, Bureau of Education, Washington, D. C. 

3. George F, Zook, specialist in. higher education. Bureau of Education Wash- 

ington, D. C. 

4. Chester D. Jarvis, sfpeciaiist In nprlcultnrai education, Bureau of Education. 

Washington, D. C. 

5. Walton C. John, sj>eeialist in charge of land-grant college statistics, Bureau 

of Education, Washington, D. C. 

6. John C. Hoyt, assistant chief, water resources branch, Geological Survey 

Washihgton, D. C- 

7. Alex Summers, United States Bureau of Education, 

* * 

Special guests. * * 

1. Hon. John Barton Payne, Secretary of the Interior, Washington. F>, C 

2. Hon. Charles E. Townsend, Senator from Michigan. United states Senate, 

Washington, D, C. ■ , 

3. Judge J. H. I^owp, N. O. T, R. Association.’ Kansas City, Mo. 

.4, A. G. Batcheldcr, executive chairman, American Automobile Association, 
Washington, D. 0. *« 
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THE COMMISSIONER’S ADDRESS OF WELCOME. 

Okxtixmkx : This conference has t^gnj-nlled at the request of, 
the committee on resolutions of the preliminary conference on high- 
way nntl highway transport education, held under the auspice^ of the 
National Highway Traffic Association at Ann Arbor, Mich., April 
15. 1!>20. x • 

1 heartily welcome this large delegation this morning and at the 
san>e time I desire to express for the Secretary of the Interior his 
pleasure in having you meet here to confer on a efuestion which is of-* 
; great interest to him. Hft'rcgrcts that he can not attend the morning 
' ?o-sion. but he expects to be present this evening. 

This conference is significant because there are brought together 
atone time the representatives of the various agencies concerned -with 
highway construction and highway transport. Other modes of trans- 
portation are also represented at this gathering. 

The Ignited States has just entered a new era of highway building, 
which, if properlj^pcouraged and rightfully . managed, will be of 
the greatest importance in developing the manifold resources of the 
country. The demand foe more and better highways is to a large 
degree caused by the fact that growing business and agricultural 
j nu* rests are determined to have the best and, in the long run, the 
cheapest means of transporting goods as well as persons. 

States* counties, and townships, for years and decades in the 
“slough of despond,” arc awakening, both as the result of their own 
initiative and because of Federal encouragement to see that the good 
and permanent highway is one of the first essentials of a sound and 
progressive policy of economic development. 

It has been found that a tax for a well-prepared highway is less 
of a burden than the age-long and discouraging mud tax which has 
been one of the greatest drawbacks'in-rurnnievelopment everywhere. 

Th<» rapidly increasing use of the automobile and the autotruck 
is an important index of both business and social development. Per- 
haps the most serious educational question facing the country is 
that of the rural school. Successful. rural education, as exemplified 
in the modern consolidated school, can not be conducted with a real 
measure of success unless from each school^ there radiate from 30 to 
50 miles of good roads* over which ^autobuses rapidly course ihAr 
. way with their loads of children and youth, back and forward from 
school and home. * M 

99 
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The betterment of our roads means the widening of the rffdius of 
travel. Those who have been suffering the effects of isolation will 
receive the vision and education which increased travel and intercom- 
municafiou always have given. 

The more we study our civilization, the more we find it dependent 
upon the development of transportation in its different forms, and 
in no small degree upon highway transportation. 

l^he growing demand for well-trained men to carry out scientifi- 
tally the great highway program ahead of us and for men able to 
properly develop our highway -transport facilities has created a 
double opportunity for our colleges to serve the country in a most 
helpful manner by educating broadly and thoroughly the men nec- 
essary to do the work. . 

1 he- conference is charged, therefore, with the responsibility if 
determining and stating as clearly as possible the needs ami the 
qualifications for trained men. The conference will also assist the 
college by giving such information i\s may prove helpful in making 
the necessary readjustment- in the courses of .study, and in further 
mg research in the problems of highways and highway transport. 


, INTRODUCTORY REMARKS OF F. L. BISHOP 
Dkan or thi: School or Enoineeeisu, University dr Pittsburgh. 

The object of this con ference is to present clearly to the public, and 
primarily to the engineering schools, the economic and engineering 
problems involved in the training of a larger number of highway 
and transport engineers and some suggestions to the faculties of our 
engineering schools in regard to the development of courses for the 
training of these men, such courses to emphasize not only the 
engineering features, hut the economics of highwayVansport. 

^ ie Personnel of the conference is such 11s to command the atten- 
tion of those interested jn the development of our highways and illns- 
. trntes the modern method of Solving educational problems, namely, 
to bring together the men who are to jise the young men trained in 
our colleges with those tq whom is intrusted their education. This 
results in a clear statement of the type.-cf training required, and at 

, t,)c samc timo t,,e educator can state the limits which of necessity 
must always be placed on the training/ 

Traffic in new countries always follows the waterways. When the 
. . pioneers begin to branch from these lines of portage, then begins the 
development of the highways. There is no more fascinating and in- 
teres,m P subject in the history of civilization than the development 
■ . and use of highways. The framers of the Constitution of the United 
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States rei^rnized that transportation and communication were of 
‘primary and fundamental importance, if the Union which they were 
creating was to continue, and made provision for the building of 
highways known ns post ^jpads. 

Up to the time of the advent of 'the railroads there was in this 
country a notable development of the highways and there still re- 
main some of these, such as the post road connecting Boston and New 
iork. the National l’ike from -Baltimore to the Ohio River, the Phila- 
delphia-Pittsburgh Bike, etc. Over these highways there flowed 
from the; east over the Allegheny Mountains an ..enormous amount 
of tmilic. and those sections of the country which were reached by 
these highways were naturally the earliest to develop. 

Railroads were looked upon as substitutes for these highways and 
for several generations the country lost interest in the development 
of a national highway system, but the advent of the automobile pro- 
vided a new means of transportation for passengers and freight, and 
ihci-c immediately arose an insistent demand for letter joads. This 
demand lias been constantly increasing and reached a maximum dur- 
ing the war. when our waterways and railroads were inadequate to 
tiah> port the enormous volume of freight whi<di was necessary in 
order that our troops might be maintained upon European soil. This 
composed largely of motor trucks, destroyed to a considerable 
extent our existing highways. 

The problem then that lies before us is twofold: 

First, the economic question involved in highways. It is to this 
economic study of highways that I would particularly call your at- 
tention. The cost of t^nsportntion in different countries in 1902 
was as follows f 3 • ^2' 

Cost of transportation. 


Cotuilnre. 


O'in.i 

hpnn. . 

Rl^si.i 

Italy 

AwtrU. . 

German y 

Fran 

Fnelarul 

I’nltM Static . 


r<* 

ton-mile. 
1 Id ('ents. 

Wans 

p 

<0.10 

<0.10 

! .05 

.33 

.023 

.34 

1 .024 

.30 

1 .0225 

.60 

.OlflO 

.80 

.0100 

• .80 

.0X0 

1.04 

.0000 

2.00 


Second.' the engineering questions involved in the construction of 
modern highways. 

The ever-increasing size of the automobile trucks, -with their grow- 
ing use in wintertime, requires n type of construction for roads hot 


•Walker, Guy Merrlsoo. -The kleMore of CfyUlutlon," p. 110, 
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heretofore used. Tn addition is tl<e necessity for reducing grades, 
eliminating curves, etc. That tiro funds which are annually appro- 
priated by Hit* National, State, county, am,! municipal governments' 
may be properly expended, it is necessary that they IV expended 
under proper engineering supervision. The men for this work 
must be trained in our engineering schools. Some extraordinary 
effort fnust be made to graduate a suflicient v nurnl>er of trained high 
way engineers from our.educutional institutions to meet this need, 
Education always reacts to the nec\ls of the country, and as a result 
w may look to the engineering schools to modify their courses in 
the manner suggested by the conference. This will he much easier 
for the engineering thap for the economic phases of thd question. 

There is an immense number of definite research problems in high- 
way transport quite apart from what are usually considered engineer- 
ing problems. Most of these problems must be solved by engineers 
trained in the economics of highway transport. 

•) 

THE WIDENING FIELD FOR ENGINEERS IN HIGHWAY IMPROVE- 
MENT ANJJ THEIR TRAINING FOR THE FIEflD. 

r ^ 

By Tiiouas II. MacDonald, Chief of the Bureau of Public Roads, United States 

Department of Agriculture, 


Any criticahperiod in which production, inclusive of the problems 
of distribution npd transportation, becomes the paramount 'issueT 
awakens the public to the importance of the engineer’s work, and 
, directs its attention to the necessity for a greater supply of men 
trained in the various phases of the cngincerirfg profession, .hist 
now the interest of the public must extend further’ It must examine 
into the condition in which the educational institutions now find 
themselves, for the purpose of providing proper supp<u*t, funds, and 
enlarged facilities. There must be :i recognition of the fact that in 
the past these institutions have exerted profound influence to advance 
engineering knowledge, and that there is now a demand for a greater 
number of technically trained men each year than these institutions 
can possibly prepare. There must be furthc* recognition of the fact 
that a much closer correlation of the interests of those responsible 
for the instruction * of engineers in the planning of -engineering 
courses and of those who demand and will absorb the services of the 
men as they- leave the institutions is hot only desirable but highly 
necessary. In this comuVtion it is enlightening to follow the (level* 
ojH^ent of engineering courses in American colleges and universi- 
ties. So many of our experiences ocemiiri cycles that such a study 
may be regarded as forecasting the. immediate future of engineering 
a" education, and from this viewpoint the history of tilin' development 
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rightfully lciuls encouragement and forms a stable foundation for 
an optimistic spirit in this conference in its consideration of the 
problem of supplying trained men to Jill the demand for the field of 
highway development. ' 

Undoubtedly some of the conditions which engineering educators 
# are now feeling are the gravot within tln> period of their connec- 
tion with educational institutions. True, also, is. the lack of a suffi- 
cient munlier of trained men in all of the^Ufforent branches of the 
profession and in all of its different graded* Still, these are public 
questions, and in the past it lias always seemed to require grave 
is.- ties to direct the attention of the- American people to&vard the 
causes and to stimulate their activity in removing these causes and 
providing the proper relief. So we may have faith that satisfac-. 
tory progress will lie made in .overcoming the adverse conditions 
which exist to-day, if proper attention is given these matters by 
those in a position to give' the public correct information. 

The first technical school — Kensselaer Polytechnic Institute — was - 
founded in 1*24. This was the only school of its kind for nearly a 
quarter of a century, until 1*17. when Harvard established the 
Lawrence' Scientific School and Yale the Sheffield Scientific School. 
v l’lic T Diversity of Michigan also established the same year a course 
in civil engineering. Until the Civil War there wore no other 
sehonN of this character. Tn 1*G2, however. Congress enkoted the 
Morrill. Land Grant Act providing, through grants of pulyic lands, 
for the endowment of schools to teao]> agriculture and tl;e mechanic 
arts. This act immediately stimulated the &^ll)lislimcnt of techni- 
cal ^'-liools, and from a total of 4 in l*fiO the number increase^, to 
To by 1*72 and to *5 by 1S80. There are now 1 2U institutions pro- 
viding engineering courses, 4G of which are land-grant colleges 
opernt inn under the provisions of the Morrill Land Grant Act. 

In addition to these, there are 43 other institutions that give some 
engineering instruction. 

In the 5 years, 1011 to 1015. it is estimated that 17,000 engineers 
graduated, an average rate of 3,400 per year. During the previous" de- 
cade the average nnniber graduated per year was approximately 2,100. 
Tlx* increase in the number o( graduates per year during the present 
period will not be so apparent until the graduation^ of the classes 
which-are in their freshman year now. Just what this increase will 
he is extremely difficult to estimate because of* the high percentage of 
.students who dropped out of college Wdween their freshman and 
senior years. Based on past experience of some of the leading engi- # . 
m*oring schools, this total is estimated at not more than It 
must be -remembered that even this number of engineering graduates# . 
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will not be* available until 1923, tliat the number is likely to be much 
smaller for this year ami the two years following, and that tliesfiaeiT 
will be claimed by all phases of engineering and particularly bv the 
industries. 

The four general branches of engineering — civil, mechanical, min- 
ing* and electrical — have developed a hum* number of specialized 
phases, training in which is offered the si mien t at the different col- 
leges. As illustrative of this tendency, instruction is given in the 
following, as well as many other fields, of engineering: Chemical, 
sanitary, metallurgical, .railroad, marine, cement, electro-chemical^ 
textile, automobile, aeronautical, ceramic, highway, agricultural, and. 
engineering administration. One of the best-known schools offers 
at least 15 specialized courses. 


It will be noted that the greater number of these specialized courses 

K luive a direct relationship to the industries, and in this fact apparently 
lies the crux of the present situation as far as the future supply of 
highway engineers for the public service is concerned. 

As was true after the Civil A\ ar, so now a great demand has come 
suddenly for lifrge numbers of technically trained men, and it must 
be retfiembered that the high-school graduate is, uhder the plan of 
education generally followed, four years distant from his availability 
to meefthe demands. Industry of all classes has been so tremen- 
dously stimulated hv the demand for increased industrial produc- 
tion and so well supported by increased prices that the possibilities 
for advancement in the industrial engineering fields offered the* 
young. man when choosing his college course are alluring. Every 
organization is naturally selfishdn its desire to secure the best men, 

' jyul the industries should not be accused of a greater degree of selfish- 


ness than other organizations who require men technically trained, 
but industry has been more alert in <^fcring a tein|iiing* field than 
the public and semipublic organizntioi^such as the railroads,' Fed- 
eral and State governmental engineering departments, and like or- 
ganizations. 

It seems well within the province of this conference; therefore, 
which is interested in the relationship of the engineer to the high- 
way program and the supplying of technically trained men to meet 
the present and increasing demands in this field, to take account of 
, the^ftnShing field of opportunity offered the mnn. who intends to 
follow some engineering profession to plan the proper methods hv 
which a just and sufficient proportion of young meiL^bny Ik? con- 
stantly drawn into the highway field, and to consider modification of 
; t — ■ present methods or adoption of new methods to make tlie engineering 
*, student or graduate more. quickly useful and more immediately avnib 
t able for responsible positions, - 
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ENLARGEMENT OF HIGHWAY PROGRAM. 

It i< r fiot necessary to analyze the causes for the enlargement of the 
high way program. It is sufficient for the purposes of this conference 
to point out that tlie'presont sentiment for highway improvement 
is founded upon the sure basis of a direct interest in highway im- 
provement on the part of a very considerable percentage of our 
entire population, and that percentage is rapidly increasing. This 
has been brought about, as is well known, by the rapid increase in 
the use of the passenger car and the more recent freight-carrying 
motor truck. The expenditures for highway improvement are in- 
rreasing^iFreinarkahle rate, as shown by the following schedule. 

Total expenditure# for roads. bu licit rx y in the t : nitcd States. 

* Yrar. * ’ Total. 

If Hi — $272. (Ki4, 413 

If 17 r 270,915.332 * 

If IS , 28G. 098. 192 " 

1919 (estimate) 303,070. 105 

1920 ( i^l linn to<1 available for expenditure) 7S3. OOO. 000 

The .tremendous increase from the total estimated expenditure in 
1919 of approximately millions of dollar.-) to the estimated 
amount available for the present year of more than COO millions is 
iu itself indicative of the widening field of opportunity for the 
technically trained engineer or the young n;. n who is seeking to 
choose a profession offering wide opportunity. It is*, of course, cer- 
tain that the expenditures this year will fall under the estimated 
funds available, due to the economic handicaps which have been 
placed upon production of highways through the lack of railway 
transportation, material supplies, contractor^ organizations, and 
labor, as well as the developing limitations of credit. 3 This expendi- 
ture, Iwcause of these handicaps, may equal no more than 50 per cent 
of the amounts appropriated or authorized by the public; yet, even 
mi, the supply of engineers necessary to carry out this program aver- 
ages this yeiy^from estimates furnished by the State highway de- 
partments of 36 States, 23 percent less- than the State requirements, 
which, undoubtedly, means that the more local subdi vinous, such as 
counties, towns, and cities, will show a considerably greater per cent- 
age of deficiency in the engineering forces reasonablyrequired, be- 
muse the larger engineering organizations,, including the\pdusiries, 
have recruited many irnto trom these sources.- ^ 

KXtKXSION OF ENGINEERING CONTROL OF KXlfcNDITTKEsS 

\Vhilc thc greatly increased sums for highway improvement are in* 
dhv.tivc of the greater field for engineers, the increasing importance 
of tjie engineer in relation to the highway improvement program is, 

- . . . ■ _ ‘ v * • ' * , 

V wv.' r - ■' .. - . -'X-- 
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perhaps, best illustrated by the prograss which has been made re- 
cently in bringingMiiglnvay expenditures under engineering control. 
The following article shows the rapid prograss which is being made 
in this direction: 

lliyhi&ty r j-yrndit 



*s 

Year. 


' 

Under con- 
trol of State 
highway de- 
partments. 

i 

Loyally blit 
not under 
State high- 
way depart- 
, men is. 

1 vr ecn: 

tinder 

hlclmy 

(lfpert- 

muoti 

control 

1916.* 





$71,495, .V> ( 
W, 179,3.12 
117,285, 218 
> J33,f>70, 105 
* ti33.0rt0.000 

$198, 138, 659 
181,736,000 
168,812,925 
160,000,000 
150,000.000 

y 

1017 . .. 

li 

11 

40 

1018. ... 





1010 

1020 

r 








1 Ka intuit'd. ^ KattnatM ir .nhhlp. 

» ' \ 


If through the economic limitations before noted tire expenditures 
for 1920 are limited to no more than 50 per cent of the funds avail- 
able through State and Federal sources, and the local expenditures 
are maintained at the estimated figure, the proportion of fimds.spent 
und?r engineering control will still be more than f>0 per cent'of the 
total funds. The; tendency of the tinies/to place all expenditures 
under engineering control is, however, much more correctly shown j 
by the 81 per cent than by any smaller percentage. This tendency 
is keeping trace with- the growth italic demand for improved high- 
ways anil the financial support VPthis purpose. The fact of*the 
growth of engineering control is further emphasized hy tho'^farge 
mileage ol* highways built each year, even during the past three 
years while highway construction has hecn.so seriously curtailed. 
The- estimates for highways of all types built under engineering 
control are shown in the following schedule : • * . . 

T'dttl buUt^rtr Settle Itiuhrtiu th yurt went* under **Htjbircriuf? runlmi 





- 



& 

•- 


Vr.ir 


Miles, j 

f - j 

Tolul to 
dau* 

i 

«»/ 1'itaj 

niiti-3CPrf 

fi;tl;on. 

\ 1616 




l 

16. 160 1 
11.996 1 

i ^3 5 y> 

( yl§ 

1 S 
12 

1917... 




1918. . 

* ^ 



U, Wt j 

11 







There is a total ;of approximately 2l4 t Of)0 mrlcs of highways on 
the State system which have been chosen for improvement under 
State direction, jor approximately 8$ per cent of the total mileage of 
the Nation; The State systems vary from 1 to 17 per cent, of the 
total mileage of the several States. Perhaps the most indicative 
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figure ns point in" the way to the future importance of the State and* 
Federal departments is shown l»y the increase in the mileage of high- 
ways maintained under engineering control, as shown by the follow- 
ing schedule: « 


Tut a l mite* maintained by State hiffhicay departments. 



■ 

Year. 



Mileage. 

J’er cent 
' o t total 
mileage of 
nation. 

tom 





75,311 

181,391 

209,555 

T 

3.0 

7.3 

1917 





1918 



*“‘1 


8.1 


Fmm this evidence it is apparent, then, that the field for engineers 
* in highway improvement is rapidly widening, because of the demands 
for highway improvement followed by the appropriation of large 
sums for this purpose, and that the prevailing tendency of the times 
is t<T bring the construction and maintenance of highway 'improve- 
ments under engineering jurisdiction. Already some of the State 
highway departments are planning for the definite assumption of 
engineering control of roads <which are of no more than local im- 
portance in the ^tatc. In other words, wc are progressing rapidly 
from a highly decentralized control of highways to definitely or-' 
ganized systems of engineering control of alUhe high ways,, from the 
niu-t important to those serving only communities. From this fact 
follows this question: Whose responsibility shall it he to direct the 
attention of young men toward th^ffcld and induce them to follow 
highway engineering as a profession* when so many other splendid 
opportunities are open? • • ' f 


SUPPLYING THE DEMAND FOR TRAINED MEN. 

# * 

Fp to the present time little or no'attention has been given by the 
pnMie or scnifpublic organizations which need large numbers of 
engineers toward directing ^oung men into their respective fields. 
Apparently the supply has lieen equal to the demand, and little con. 
corn has boon felt. This fact is now changed. The best illustra- 
tion is the status of railroad engineering, .from which students and 
graduates have turned with decision. It is reported that one well- 
known special railway engineering course has a total of four students, 
all foreigners. ../*■- 

But consider the case .of the educational institutions which 'we are 
calling upon to. train engineers. Under war conditions the teaching 
staffs were badly disorganized. Last year there was a tremendous in- 
flux of new^students, and the appropriations have in general been far* 
less than the enlarged needs. Salary budgets^ave not been revised to 
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meet the competition of industrial engineering organizations, with 
tlie consequent loss of very many of the best qualified professors and 
instructors. ' 

The instructor who, during prewar time, has taught a specialized 
course in some particular phase of engineering, such as highway 
engineering, is railed upon to go into general teaching or to spread 
his activities over a far greater number of students than he can 
possibly give proper attention to. Educational institutions have 
necessarily given up their building programs in order to hold their 
teaching staff together while the . additional room is so seriously 
needed. "Our institutions are suffering from an unforeseen expan- 
sion which they can not capitalize — to provide funds, as in the ease 
of the industries — and a condition 1ms resulted which the public must 
understand and provide for. That our educational institutions oar^ 
not be neglected is a fundamental creed with the greater part of our 
citizenship, hut the present conditions must be understood and given ' 
the proper publicity. It may bo remarked in passing that this gen- 
eral condition is not peculiar to the institutions of higher education, 
hut extends all down through the whole educational system. 

It has been noted that inroads have been made Yipon the supply of 
engineers bv industries, but it should be added that the State highway ' 
departments have responded much more quickly than has the Federal ■ 
Government or the management of the educational institutions or the j 
railroads, to the necessity of increased compensation to the engineers. 
The Reclassification Commission, which was appointed to makes 
study of conditions within the Federal Government and make salary" 
recommendations for all Federal employees, has classified the engi- 
neering service of the Government into seven divisions, five of pro- 
fessional and two of lower grades. The following schedule shows the 
comparison of salaries in the Bureau of Public Roads in 1019 as com- 
pared with those in various States and those recommended by the Re- 
classification Commission, grouped under these several divisions. 


'Contfiurlxoii of qalurirs in {hr JUnjnKcr'nuj 
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From those it will’ be noted that in the 14 typical States having 
noil-organized highway departments the salaries are higher than 
those recommended by the reclassification commission, antf very 
muon higher than those now paid by the Bureau of Public Roads. 
But even this schedule is lower than the recommendations -of the 
American Association of Engineers or the Engineering Council. 
The recommendations of this association arc shown in the following 
schedule: 


, Sulttiits recommended. 

* 

lituik. 

Minimum. J 

: 1- - 

| Maximum. 


IA.000 

4, WO 

3. BOO 
2,400 
l.KOO 
l.Sno 
1 , *JOfl ! 

1 * 

$15,000 

10,000 

3.000 

4.000 
2,400 
2,400 

. .1,500 

1 1400 

Rndoorr ... 

Associate s 

Assistant 


Endnoer old dm firman ; 

Junior rnpinm :ii*l ; a... 


l.MKI 


• From this evidence it : i- clear that in order to interest young men 
in highway enghiroring'aml i 1, order to secure and rctnin the engi- 
neering stirtFs necessary to provide proper training in the educational 
institutions in thi> profession, the salaries now* pajd to engineers 
must be very materially incrca-cd. 

As indicating the number of engineers that* are now engaged in 
highway work, ther§ is a total of 312 employed by the Bureau of 
Public Roads at the -Washington headquarters and in the field. 
Thirty-six .States report the following totals: * 


.Number employed by State highway departments,.--- 3.1)39 

Nuiutier with county highway organizations. 1.909 , ( 

Number with city organizations 1 ,209.**^ 

Highway niglmvrs outside of above classes., 519 

« * 

These totals arc divided into classes, as follows: 

Those above CVlsion engineer or similar grade, _ 38t 

Division engineers or similar grade - — 003 

Resident engineers or similar grade _ 1.993 

Grade below resident engine**!*.--- „ 3.952 

Unclassified .... •*_ __ 


It is not presumed that these figures arc absolutely correct, but they 
arc indicative of /the large number of engineers that are needed in 
the highway field. The ndditiorft. which will be required for the 
next decade are estimated ,to average from 9 to 12 per cent per year, 
but it is wore than probable that this percentage is far short of the . 
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‘ i . : 

RESPONSIBILITY OF ENGINEERING ORGANIZATIONS. 

♦ : 

It can hardly be expected that young men in sufficient numbers 
will enter the field of highway engineering unless they have Howl- 
edge of th<* field ahead, nor is it fair to leave the colleges unaided 
to develop these men as fast as they will bp required. ^Thfro is a 
large duty in both these respects which must be assumed by the' 
engineering organizations who wish to use these men. Reference 
is made particularly to the Federal Bureau of Public Ronds, the 
State highway departments,, and similar organizations. Further- 
more, our ideals <>J engineering education were brought into this 
country from abroad, and the teaching of applied science has in 
general been founded upon the theory that the student should first 
learn the theory arid later the application. Undoubtedly a canvass 
of the executive in charge of the highway organizations of to-day 
will bring out tlve fact that they have fewer problems of theory 
and de^fcn to meet than of production, organization, and supervision. 

It is the duty of these executives to lay before the beads of the 
educational institutions the necessity for broader training of high- 
way engineers along the lines of the economics of highway engi- 
neerings well as in some of the humanities. Every highway de- 
partment comes closely in contact with the public and has need of ; 
men who not only understand the problems underlying the adminis- 
tration of highway organizations and of highway development, hut 
who y an present these matters convincingly to the public, without 
whose^ favorable support the work the highway organization can 
not be successful. The lack of engineers who possess this training 
has been one of the “most “serious handicaps to the highway organi- 
zation. , 

Fortunately, many highway departments have already played an 
active part in the development of highway engineering as a profes- 
sion. To Dean Shalcr, of I lie Lawrence Scientific School of Har- 
vard University, may be credited a very large share in the early 
teaching and stimulation of real engineering as applied to highway, 
construction and maintenance* The influence of the Massachusetts 
Highway Commission, of which he was one of the first members, has 
had a very considerable influence in the development of highway 
engineering to tire position which it occupies to-day. This fact 
seems indicative o-f the responsibilities which devolve upon the high- 
way departments of other States in theTuturfc. There must he a 
close coordination and cooperation between the highway organiza- 
tions and the educational institutions, much closer thandius prevailed 
in. the past. As concrete examples o{ the possibilities for advance- 
ment which are inherent in* such a, relationship are’ the following 
suggestions? 
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if the college semesters can be so arranged that students in , 
the various years of the college courses can be placed in appropriate 
positions for the summer work with the highway organizations. By 
advancement, from year to year, to positions of greater responsibility, 
they not only are better prepared to meet the problems which are now 
paramount with highway executives because of their knowledge of 
the organization in all of the different classes, but they will more 
surely connect up their theory with its practical applications. Thus, 
both the highway departments and the educational institutions will .. 
function better in. producing capable engineers. 

Second, such a relationship will awaken from the start an interest " 
an the student in highway engineering which will prevent his drop- 
ping out in his undergraduate years or turning to other courses. 

Third*, a close contact of the teaching staff with the highway organi- 
zations will prove of great- mutual benefit. 

Fourth, the engineering organizations should assume responsi- 
bilities for lectures and other services in the classroom that the stu- 
dents may be constantly brought in connection with the active work. 

Filth, the research work which is of the utmost importance and 
necessary to eVery engineering organization, should be closely, 
coupled with the work along similar lines of the educational insti- 
tutions. ’ » - " 

t * 

.Finally, in the production of highway engineers, there is nothing 

more valuable than the short courses conducted annually which 
\ ^ % 

should, be a product of the educational institutions and the highway 
organizations. It is impossible to cram inter four years of a student's 
life all of thei technical, information that lie will need. It is prob- 
able there is too much of an attempt toward tins end now, and that 
fhe more highly specialized subjects should be left for postgraduate 
study. The .short courses should by sill means be developed, and 
could well hi* madf* a part of the year's work for the highway engi- 
neering organizations' to attend for at least a short period of instruc- 
tion annually. 

These short courses should be of two general classes; First, those 



for the instruction of graduate engineers for the purpose of keeping 
them constantly in touch with the rapid developments in the field 
of highway engineering and for the purpose of preparing them for 
highly specialized technical work,' especially along research iin&j, 
and second, those for the instruction along more popular lines for 
the lienefit of public officials* or- those (^copying positions of lesser 
technical importance in the organization. Practically all ^ighVay 
organizations work through or with public officials who are not 
technically trained, and who may be impatient of technical limita- 
tions and theoretical niceties. The short course along more, popular 
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lines offevs' the surest way to connect in a harmonious relation* 
ship the theoretical "a ml practical minds. The success which 
lias been attained by many short courses of this' latter character 
has accentuated their importance as a means of bringing highway 
departments, public officials, contractors, and through them the 
public 'in general into closer cooi>eration, which is the key to the 
solution of the most difficult problems-of highway administration. 

THE NEED FQR BETTER TRAINED MEN IN HIGHWAY ENGINEER. 
ING AND HIGHWAY TRANSPORT ENGINEERING. 

By Ror D. Chapin, President of the Hudson Motor Car Co., Detroit, and Vice 
President of the National Automobile Chamber of Commerce. 


No more far-reaching influence has made itself felt in education 
in modern years than the World War. Hardly had the struggle 
begun when the importance of training in practical work came to 
be clearly understood, and at once there was a demand for skilled 
men such as was beyond anythin^in our past history. 

Now that peace has returned, we find that the Colleges of the 
United States are all engaged in getting their ships into order after j 
the storm. The war demonstrated that courses which had served 
while the sailing was smooth were not of the greatest efficiency, and 
to-day there is a movement throughout the land to revise curricula 1 
and to shape courses in study so that fhey will meet with the par- 1 
ticular needs of the student who has planned to go into business life. 

As one of the great subjects which was developed by the war, and 
which must be continued in riir colleges in the future if the full 
effects of economic transportation are to be realized, we have high- 
way transportation. Before America's participation the motor truck 
had bfeen looked upon as a vehicle for use in intracity communication 
but had not been seriously eohsidered ns a- unit in transportation. 
The demands of war changed that viewpoint almost overnight. As 
the railroads became congested there came an insistent demand, for 
supplementary transportation, and the motor truck answered the call. 
Hundreds of thousands of irftui were suddenly drafted into service 
as motor-truck operators, -convoy leaders, and mechanics. Across 
the seas the arrival of hundreds ,of motor trucks loaded with sol- 
diers and materials saved the cause of the Allies at Verdun. In this 
country the motor truck became one of the three great factors in the 
trinity of transportation over the highways, waterways, and rail- 
ways. Perhaps the first evidence of this which was seen were long 
trains of motor-truck convoys traveling from inland ports to Haiti: 
more to handle emergency war supplies which the railroads were 
unable to take care of. The next sfep was the sudden coming into 
life of rural motor express lines. Every oflnee of- food was needed. 
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The rural express vent from farm to farm, picked up the; produce 
fur* which the farmer had neither labor ndr material to transport, 
and swelled the volume of food for those on this side as well as on 
the other. • 

Intertit y fleet lines came into existence. Where in the past years 
it had been customary foi* the roads to be used for a radius for some 
> or. 9 miles daily, since the horse was limited to that extent, operators 
driving the motor units of transportation found that they could take 
thousands of tons of supplies from city to city, with the result that 
wtir highways became a network of transportation systems all en- 
gaged in supplementing the traffic haulage of the railroads. 

The .day of fighting is passed, but from this intensive effort has 
.■dine a permanent addition to the transportation of the country, 
whether it be freight or passenger in nature. No longer is the motor 
vehicle looked upon only as an instrument of pleasure. Its place in 
liie economic fabric of the country lias become fully understood, and * 
its future is one which must surely have a tremendous far-reaching 
influence in the lives of the people of the country. 

To show how far we have progressed it is only necessary to make a 
statement that thirty million people ride in automobiles in the 
United' States each day in the year. To some these figures will seem 
extravagant, but we have practically 8,000,000 motor vehicles in the 
United States to-day, and we are adding to that number by hun- 
dreds of thousands each month. It is not too‘much to say that each 
machine carries four passengers a day. To supplement this, we may 
Upte that* last year 1,000.000,000 tons of freight were hauled by^the 
motor trucks of the •country, ns against 90,000, 00Q tons carried on 
the Great Lakes .and the Mississippi and 2,504,000,000 moved by the 
railroads. 

Now, in all oi this groat, new, transportation development there 
appears. a pressing need for highway transportation engineers, men 
skilled in production and operation of the^e transportation units. It 
is necessary that we should have these mefi"by the thousands if we 
are to save waste in this great new development and to secure the 
maximum benefit which we should receive. 

In Order to handle this subject intelligently it is necessary that it 
should be coordinated with other forms of transportation, since only 
through coordination can we hope' to obtain the greatest efficiency in 
the use of each unit. NVe know Chat the motor truck is not capable 
to-day of competing with the railroad in the long haul. We know 
that under certain limitations it can serve to relieve the railroHds. 
We slrould have men trained in the analysis of these problems, able 
to tell us xvhat the definite economic limitations are. 

With the' increasing use of highway transportation our traffic 
problems 7 are becoming acute. In the larger cities as well as in the 
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smaller we find a growing need for definite, ftell-hiid-out plans for 
the operation of motor vehicles. 

There is a further need for the close cooperation between the men 
who are using the highways and the ifieu who are building them. 
Their problems in many 'subjects are mutual. The highway trans- 
portntion engineer brings to the knowledge of the highway engineer 
a vision ns to the future use of highways. He knows something of 
the trend of production ami of tlft character ami type of 'Vehicle? 
which will travel over the roads of the future. 

His knowledge should he of definite value to the highway engineer 
since, in the last analysis, road expenditure can only he justified* by 
the volume of the traffic which goes over the completed highways. 
It is not enough to say that we will build a road. We'shouhl know 
what the future traffic will be once that road is completed, and on our 
vision of the future we should determine the ty)>e of highway which 
is to be built. In other words. I should say that road building is 
now an economic problem first of all. Location of the "highway 
should be undertaken only with due respect to the ’tonnage whictf 
may be developed along the road or to the character of passenger 
travel which may go that way. 

There are hundreds of millions of dollars available for road build- 
ing in the United States to-day. The people of the country have 
shown their belief in the future of highway transportation by the 
readiness with which they have voted those large sums. Peril ups no 
other issue before the country 7 meets with the enthusiastic reception 
which this one does. . It is only necessary now that in the future con- 
duct of our highway program wc shall seek to avoid any waste and to 
give to the taxpayer a dollar of value for every dollar expended. The 
roads which we build must last for the life of the bon<l voted to 
cover the cost of their construction. . If they do not.’ then the future 
would see a reaction against road construction which is Unthinkable. 

The only way in which this ^aste can be avoided is through the 
treatment of tins subject as one which requires highly trained mcn. f 
There must always be waste when the expenditure of money is left in 
the hands of men who are selected to perform that function hv reason 
of political patronage rather than their trained knowledge. . 

We must go further. There is an imperative need for the widest 
kind of research work; I doubt if there is any Mian .in ,the United 
States, skilled though he may be. who can define wlmt character of 
road should be constructed to withstand traffic’ 10 years from now. 
The tremendous growth of motor transportation has outstripped our 
scientifc knowledge just as it has outstripped our legal procedure, 
even administration proceduaradn our automobile factories in some 
instances; 
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It is time now that we checked up on the work which we arc 
doing. We should not proceed to spend these hundreds of millions 
of dollars without knowing in what direction we are going or wlmt 
results we are to obtain. The colleges and schools should heed this 
well, as it is the peoples’ money which builds the roads, and it is the 
people who support the schools and college^ and who are vitally in- 
terested in both of these subjects. These problems can he solved and 
our colleges should aid their solution by the institution of broad 
courses in highway engineering, increased facilities for research, and 
a broadcast movement to acquaint the public with the* high impor- 
tance of skilled in**!! in this task. 

* Turning to the transportation phase of my subject, I have inti- 
mated that the enormous development in motor transportation has 
brought about a need for trained men in all of the phases of highway 
transportation from the department, of research and design down *to 
the operator on the road. Glancing over the field it will be found that 
trained men arc lacking. We have not simply had the time as yet 
to develop them, and we must rely upon our colleges to undertake 
this task. 

It is true in the automobile industry as it is in other industries that, 
whenever a man is able to perform his duties well, salary becomes a 
secondary matter from the standpoint of tlfe manufacturer. There 
is an unlimited field for the ambitious man properly trained who en- 
ters the automobile, industry. 

The subject is a popular one. It takes to itself all the glamour and 
romance which in another day and another generation led the student 
to take up the subject # of railroad transportation. The 'boy who goes 
into the field of highway transportation, whether he goes in as eti; 
gaged in the .production and use of the vehicle or as one engaged iti 
the construction of the road, becomes an intimate part of the life not 
only of his community but of his State and of the Xation. He is do- 
ing more than earning a mere living. He is making it possible for 
others in obtain more from life, since upon the adequacy of our trans- 
portation facilities rests in a largo measure the breadth of life of all 
of .us, 

.The subject is one which* is bound to increase in importance. 
There are * .000 .000 niit<>iii<>hilc.s in use in the Tubed States to-day. 
Each year sees (!:*■ number inmn-ing very greatly. Except in 
Europe the use of the cmOn* vehicle has been larj*dv restricted in 
other 'countries. Lack of appreciation, lack of funds, and lack of 
highways have been responsible. To-day wo see a changed condi- 
tion .abroad* More and more automobiles are Iwing den^hded from 
tin* country. Last yenrqur export shows an increase of 70 percent* 
In (lie years to .come wc may expect to see broad highways driven 
..'**• ‘ ***• . 
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into the heart fcf old Europe, Asia, and Africa, opening potential 
resources almost beyond the vision of any of us present. All this 
' means that there will be an ever-increasing field of usefulness, both 
in the engineering an<J highway transportation fields. 

The subject is one which reaches so closely into the life of the indi- 
. vidual that its importance should be impressed upon him at the 
earliest stage. There is a place for the study in the kindergarten. 
No child should go through the primary schools without receiving 
a course in safety first, which will give him a full understanding of the 
rules of the road whether he live in the city or in the country. 

For the studeht whose education must be limited there should be 
vocational training which will fit, him for work as a skilled mechanic 
in a factory, as a motor-truck operator or chauffeur in tKg field, or for 
, any one of the number of other branches afforded by the two subjects 
under discussion. 

When we go to the colleges there should be definite outlines .w hich 
' will equip men for the highestMypc of employment in these fields. 
In some cases these courses will be found in the engineering schools, 
but- there will always be a need for a number of men trained in busi- 
ness administration, salesmanship, and advertising who should have 
more than a vague understanding of the specialized automobile field. 

Special degrees should be given in these subjects by our colleges. 
The reason is not hard to find. Highway engineering is ns im- 
portant a branch of engineering as is any other specialize? form, such 
as railway engineering. Highway transportation will require more 
men than railroading. 

1 he task ahead is a large one.. It is one of sufficient importance to 
engage the attention of lenders in the two fields in the United States. 
The national conference on this subject called by I)r. Claxton, Cbm- 
' missioncr of Education, is a milestone in educational progress in 
the United States which the students of the ‘future will look back to 
as the beginning of a hew erp in education of most far-reaching im- 
portance to themsel ves and to t heir ch ildten. 

V • ' f r, 

* 

WHAT ATTITirDE SHOULD TECHNICAL SCHOOLS TAKE TOW/VRD 
THE DEMAND FOR TRAINING IN A NEW PROFESSIONAL SPE- 
CIALTY? 

JRy Savu;^, P. Capkn, l)iror tor of the American Council on HO uojftion. 

* J* , 

• 

* One of the striking, facts in the social evolution Of the hv,st 50 
years has been the development of scores of professional specialties. 
Up to the time of the L ivil \\ ar there were three commonly recognised 
professions — theology, law, and medicine. The occupational statist i- 
^einn of Unlay has a long professional category. In it most of ifs would 
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find callings listed with whose very existence we are unfamiliar. 
Apparently this process of subdividing the field of expert service is ' 
«x>in< r t<» contimuvinto an indefinite future. 

The future historian of higher education in America will note that, 
as these professional specialties hayc developed, sclvools and colleges 
have devised courses to train, for them. Hut training always Jags 
behind the professional demand. Engineering, for example, was a 
well-established calling befoie engineering curricula were offered by 
higher' institutions. It is within the memory of perspns still young 
that colleges of journalism or of business administration have been 
founded. Nevertheless, perhaps one of the most extraordinary phe- 
nomena in the recent evolution of higher education *has been the 
segmentation of universities into what is now a bewildering number 
of professional schools and departments. 

In the case of engineering, the development to which I have just 
alluded long ago entered upon a secondary stage. When American 
universit ies first olTenplt courses in engineering the term engineering 
designated a single unified profession. One was trained to be an 
engineer as one was trained robe a lawyer or a doctor. Indeed, the 
railinir hardly had professional status. The subjects which an en- 
gineer was expected to know scarcely furnished the substance oftla 
-ingle curriculum. In a very short time, however, specialties began 
to split off jnside of the profession of engineering itself. This de- 
velopment was reflected in the offerings of engineering colleges. 
The training offered to prospective engineers was subdivided again 
and again until the student was no longer a student of engineering, 
but a student of mechanical engineering, 'or of production engineer- 
ing, or of railroad engineering, or of some other engineering specialty. 

Now,. I believe tliftt certain of the most significant movements in 
higher education in the last 10 years have had their source in the 
development that has taken place in the field of engineering train- • 
ing. They have there had their conspicuous testing and application 
also. The lessons which the student of education has learned from 
observing the recent tendencies in engineering education must color 
his whole thinking with respect to the general educational prob- 
lems of the day. I therefore, be worth while to dwell for a 


moment on these n . 1 believe, moreover, that they have a * 
peculiar bearing on rpose of this -conference. 


Hie tendency wh have mentioned, to offer a separate and 
somewhat highly specialized training to the civil engineer, a differ- 
ent type of training to the chemical engineer* another still to the 
elect ricalengineer, and so on, reached its height just before the war. 



" -Hardly half a dozen years ago a countertendency began to make 
itself felt. There was a sharp reaction away from extreme specialize- 
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tion. Sumo few engineering schools began gradually to return to 
a unified fundamental course required of all students. Thiscommon 
course of instruction occupied in some institutions a year, in others * 
two years. | Gradually it was oxtMided to cover the larger portion 
of tin* four-year course. When I joined the I>ureau of Education 
some six years ago one of the questions that was being hotly debate^ . 
was, At what point in the course should engineering schools' encour- 
age professional specialization i 

Many. feared the rehabilUntion\>f the old general course, because 
they believed instruction would then he too theoretical. This danger' 
appears to have been obviated, however, by the various plans that 
have been* worked out in the last few years which enable students 
to comhin^mun the very loginning their theoretical training with 
practical ^Jcricncc in engineering undertakings. 

•The new doctrine received its classic presentation in Hr. Mann's 
report on engineering education published in 1918. Since then the 
United States has passed through an experience which has been 
particularly rich in suggestions to the engineer ajid to those concerned 
with the organization of engineering education. If one who is 
entirely innocent of a professional knowledge of engineering may 
hazard an opinion. I should say that the stupendous engineering 
‘experiences of the war have borne out the propositions set forth in 
the Mann report. I do not know how far the engineering schools of 
the country have attempted to recast their work along the lines indi- 
cated in that report and indorsed by the special committee of the 
Society for the Promotion of Engineering Education. I judge, how- 
ever, that the. principles stated therein have for the most part been 
accepted. ^ ■/ 

To the lay ohservefr, therefore, it Would seem as if we were on the 
threshold of a new development of engineering schools. The char- 
acteristics of this development, if I apprehend it rightly, may be 
summarized under three heads: 

, 1. It will be the, primary task of the ‘engineering schools to teach 
the fundamental principles of engineering and it* basic sciences. En- 
gineering is. after all, not a subject, not a profession, but a method. 
It is, in a word, the method of science applied in the processes of 
design, production, -ami. distribution. Indeed it is the fact that it 
is fundamentally a method, applicable to a large variety of different 
'activities, that accounts for the growth of the numerous engineering 
specialties that now exist. 

2&^Ln the secog^ place, engineering schools will offer at the very 
end ilf the regular undergraduate course or in postgraduate course* 
opportunities for specialization in bnegor more of the many branches 
of Engineering. 






-m 


PROCEEDINGS OF THE HIGHWAY CONFERENCE. 


43 


3. Thirdly, those technical specialties which any individual school 
will cultivate will be determined^ part by its locution and in part 
by its facilities. 

In very self-defense the schools must take a course substantially 
like this. There is no end to the deni and for new types of specialized 
training. For a study which I made in 1015 I counted 14 different 
kinds of engineering curricula offered by tho leading engineering 
colleges. In the last five years I venture to say that the number has 
doubled. If my interpretation of the essential character of engineer- 
ing education is correct, it mightcusily he dhubled again in the next 
decade. It is, clear that no university system will stand the strain of 
tins kind of a demand. Moreover, the experience both of industry 
ami of the persons in charge of essential war operations tends to 
bear out the contention that the important thing for the schools to 
give is the gerlcral groundwork p of engineering training. Particu- 
lar specialties may for the most part be learned either in post- 
graduate courses or in actual practice in the field. 

Now, if my conclusions are correct they have a very definite hearing 
on the end and purposes of this conference. The gentlemen who are 
here assembled have come together to consider what the*flcUpols shall 
do in the face of a largo new demand for specialized training, ^hall 
all the engineering schools in the country begin at Once to dffjer 
cvmives in highway engineering or in some othor phase of highwaj^*^ 
transportation? Shall this conference outline one or more curricula 
which are to be urged upon the schools for their adoption? 

In mv judgment neither of these things should happen. I should 
regarfl it as very unfortunate if this conference urged all the engi- 
neering schools in the country to offer specialized courses in highway 
engineering. On the other hnnd, I am convinced that some institu- 
tions, should provide special training in those relatively <ne\v brandies 
of engineering which we arh discussing. This provision should bo 
primarily for advanced students. Being without technical engi- T 
neering knowledge, as I have before confessed, I should not venture 
to gay at exactly what point in a' four- year course it should begin. 
That is a matter for the schools themselves to determine. The in- 
stitutions in which organized work of this character should he, I be- 
lieve, are those situated in the most favorable locations and possessed 
of appropriate facilities. - ' 

I do not minimize the enormous Numerical demand for persons 
with technical training to engage in the construction of*highways. 

A large percentage of those needed for this great national under- •- 
taking will not have to have the highest kind of draining or profes- 
sional skill. The institutions which devote thcmselvep to the devel- 
- opment of highway engineering and transportation engineering may • 
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appropriately establish extension courses or special courses shorter 
^the regular engineering curricula for the training of nien not 
of the highest professional grade. 

Obviously another large need in connection with this new develop- 
ment is the need for research. This is peculiarly the task <vf the 
higher scientific institutions. Jn short, then, it seems to me probable 
that a considerable number of engineering schools should undertake 
the definite exploitation of this large new industry. Their culti- 
vation of the field should include research, the training of a certain 
number of highly trained specialists, and the training by means of 
courses not of full professional grade of many men for subordinate 
positions. f 

• 1. believe that it would for the present be unwise to encourage more* 
than one institution in a State to devote itself to this field in a com- 
prehensive way. In those States* which are fortunate, or unfortunate, 
enough to possess both a State university' and a separate college of 
agriculture and mechanic arts, only one of these institutions should* 
at the present time commit itself to Ibis task. The decision as to 
which of the two should* undertake it ought to be made by joint 
agreement. 

I should like to make one last point. It is this : I distrust the ready- 
made curriculum. Dr. Clnxton reminded me the other day of/u 
l aying of Prof. Rein’s. Rein likens a course of study made !>y one 
person for the use of somebody else, to a wax nose. It look‘d all right 
hut it doesn’t function. The vital. thing. as the war experience again 
has shown us, is"ii definition of the ends and objects of teaching, 
applied to a technical specialty, whether of high or low grade, this 
. means job^nalysis. The most useful and stimulating document that 
can b<fput before persons conducting any* kind of vocational or 
professional training is a definition of the problems and duties which 
their students will have to meet when' called upon to practice# the 
vocations for which they are being trained. Yon gentlemen who 
are liere assembled can, I believe, make the most ireful contribution 
to the schools if }’ou will define the tasks which the highway 'engineer 
and .the transportation engineer will have to perform and the par- 
ticular engineering problems which they wil^have t$ solve. .The 
rest inay safely 1)6 left to the schools. * 

THE CURRICULA IN HIGHWAY ENGINEERING AND TRANSPOR- 

TATION. 

By Walton C: John, Specialist in Charge of Land-Grunt ^College Statistics; 

. Bureau of Education. 

Never Jbefore has technological education been so important in th^ 
life of the Nation as it has been during the lostlfecade. It has taken 

Jpthc war, however, to show the people of the United States that the 
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well-trained engineer is the man who stands back of nearly every 
material project of importance that is being conducted on any large 
scale, and to-day we bear witness to the fact that the ultimate solution 
of the great problems of highway and highway transportation de- 
u luptnent rests largely in the hands of the college-trained engineer. 

The Bureau of Education, by means of'different investigations, has 
.Mriiained that highway constructors and administrators, with few 
i.vrptions, are seeing for at least twicers maity tfained engineers 
:iinl other men as have been needed in the past. At the same time 
L'n.iter emphasis is being laid upon the character of the education 1 
;iini twining that these men need. 

In the words of Prof. Gordon^Veijgon Skelton, of Oregon State 
Agrigulttirnl (^bllege, “there are fewer'lines of public endeavor where 
. inore money is being spent and where a higher degree of technical 
d\id and training is required than iti the field of highway engi- 
neering." 

At present.there is a greater demand for nearly all types of engi- 
thiyi More the war. President Lovett, of the Union Pacific 
llini’oad, has recently pointed out that the railroads must expend 
in :irl v a billion dollars annually for new. railroads and for the repairs 1 
nm n necessary by the forced neglect of these vast properties during 
the n ( ent war period, Thus there .will be an increasing demand for 
niilmad civil engineers in addition to the greater demands for high- 
\\;iv engineers. This condition of affairs places an unusually heavy 
1'iirdr n upon the engineering colleges of the country. It will be the * 
duly of this conference to ascertain as definitely as possible the extent 
<>f this burden. 

Tin: coli.eoes or engineering and the highway engineering 

. I’JtOM.KM. 

(htc hundred and fifty universities and colleges iri the United 
"VNatos are offering. one or more subjects in the various branches of 
engineering profession. Of these institutions. Ill give courses 
*n or more subjects in highway construction. These institutions 
inrlude the colleges and schools of engineering in {\h State universi- 
tic«. including colleges of agriculture and the mechanic arts. 32 large 
JM i\ atelv endowed universities and colleges, and 14 smaller colleges. 
In at least 15 of the larger engineering colleges curricula are offered 
whali include an option in highway engineering. These options 
liHiallv consist'of from two to five subjects treating on specific prob- 
lems of road construct Soil , * 


1’he. colleges of engineering nre working out the problems of high- 
way engineering from fourVlifferent standpoints: First , by means of 
the regular fotr-year civil engineering curricula leading „to the do* V 




gree of bachelor of science. Second , by means of the short,. special, 
and extension courses which may vary in length from a few days or 
weeks to two-year courses in which road building is given practical 
consideration. These courses attract the more advanced type of farmer 
and young men of- the rural districts who are, not prepared 'to.carrv 
on collegiate work These courses are calculated 1 to give in the short- 
est time possible the rudiments of highway construction and repair, 
and later serve to stimulate a sentiment in favor of high-grade road 
construction in the counties and districts from which these men 
come. Third , by Mutual cooperation of State and county highway 
departments in using the testing laboratories in' the engineering 
colleges and engineering experiment stations. Fourth , by means of 
graduate work and research in highway engineering problems. 

TYPICAL HIGHWAY F.NC.IXEERINO CURRICITLA. 

T1 10 typical highway engineering curricula of to-dav are com- 
posed of a suitable grouping of foundation and supporting subjects 
in the humanities and the pure sciences, combined with a larger 
grouping of engineering or technical subjects. An interesting four- 
year civil engineeringtfurriculum recently elaborated is that of the 
new school of engineering of Harvard University. About 35 per cent 
of the entire curriculum is devoted to the following foundation and 
supporting subjects : One year of college English, two years of higher 
mathematics, one year each in chemistry r*physics, and geology, and ' 
one vear in an additional science, one vear in business administration 

•> t f 

and accounting; two years’ work in a modern foreign language is re 
quired if the student has not made it a part of his preparatory work. 
Over 50. per cent is prescribed in the usual civil engineering courses, 
and 2 per cent is required in specific highway construction courses. A 
little qver 12 per cent of the curriculum is devoted to elective .sub- 
jects. 

The curriculum in civil engineering of the Oregon State Agricul- ; 
tural College is typical of the curricula of a number of the leading 
State-supported colleges of engineering. It differs from the Harvard 
Curriculum as follows: The requirements in foundation and sup- 
porting subjects are 39 per cent, or 5 per cent greater than at Harvard, 
but this. includes the addition of military training, gymnasium, and a 
brief course in library practice. Consequently, the relative propor- 
tion of the foundation anti supporting subjects are essentially on a 
par^with, that of Harvard. Sixty-one per cent is prescribed in the 
usual civil engineering subjects, but this includes an option which 
may Ik? chosen in highway engineering to the extent of three courses, 
jn addition to the regular course In roads apd pavements All these 
courses amount to nearly II per cent of the entire curriculum. 
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A few- colleges of ^engineering, which offer options in highway 
engineering, require two years of modern languages, usually French 
or (iennan, hut the larger proportion do not require these subjects. » 
The subjects of economics, business administration, and contracts and 
specifications arc included in the majority of curricula, inasmuch as 1 
the civil and highway engineer must be equipped to deal intelligently 
with the business aspects of his profession. From the evidence which 
the bureau of Education has received, the present trend of practice in 
colleges of engineering is not to encourage a large degree of special^ 
nation in the. civil engineering curriculum. 

<> 

simirr, sckcial, and extension courses in road construction. 

1 * 



Typical among the institutions which offer short and special 
course^ in road making arc the following:’ The University of West 
Virginia, which holds a four-day conference of alt. State road offi- 
cials. followed jiy a three-day school for general instruction. Ex- 
tension schools of two and three days' length are held at convenient 
centers in different parts of the State. These courses are open to 
all who are interested in good roads, regardless of college entrance 
requirements or previous experience. The University of Tennessee* 
offers a *hort winter course for highway engineers which lasts six 
weeks. r I he last two days of the short course is devoted to an 
annual conference of road officials. On -“this occasion all persons 
interested in any kind of highway work are invited to attend. The 
University of Oeorgia “good roads department” is organized to 
give direct instruction and field ‘assistance throughout the State. 
Special courses of instruction are, offered at the university, chiefly 
for the benefit of county officials and other mature special students. 
Mainland State Agricultural College offers an elementary course 
in the location, construction, and maintenance of county roads and 
bridges: this is a part of the two-year course in 'mechanic arts. 
Many other similar 'examples might be given, hut these are sufficient 
for (Tur purpose. Furthermore, an excellent opportunity is open to 
our public high schools, both rundhnnd urban, to teach the rudiments 
of the economics of highway transportation in ofdcr that the grow- 
ing generation of young men and women may understand th$ rela- 
tion of good roads to national prosperity, 

COOCERATION WITH THE STATE. 


Owing to.the lack of proper facilities, the State highway depart- 
ments and commissions’ have in many instances been obliged to ob-i 
tain the Cooperation of a number of the leading State universities 1 
and colleges in workhig out the practical problems and tests called 
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for in the highwny construction work in the States. At pres 
aro at least 10 institutions whose laboratories are used in testing 
road material for the states in which they arc situated. These inst^* 
tutions are Iowa. State College. Georgia Polytechnic Institute, Uni- 
versity of Idaho, Kansas State Agricultural College, University of 
Kentucky, University of Maine, University of Michigan, University 
of Minnesota, University of Missouri, University of Nevada, anil 
Ohio State University. This cooperation has enabled a great many 
students to come in contact with the practical work of the highway 
departments of the different States. 

RESEARCH IN HIGHWAY ENGINEERING. 

In the future our larger engineering colleges will plrfy a much 
greater part in highway engineering and construction than in the 
J >as t? owipg to the increased demand for research work in the vari- * 
ous branches of highway construction. In recent years some very 
important experiments in highway engineering have been earj^i 
out by our State universities which have proved to be of great firm 
cial value to the States and to the Nation. In view of the extensive 
road-building program which is-now going into effect, the organiza- 
tion and execution of a well-coordinated plan of highway engineering 
research will be of first importance. Witji this in mind, the divi- 
sion of engineering of the National Research Council is planning to 
distribute to the various higher engineering institutions research 
problems in highway engineering which must he solved in the near, 
future. We igay thcreforer&xpect that the universities of the country 
will make useful contributioAsUo the program of road building, and 
instead of a few. scattered experiments with more or less duplication 
of effort, systematic research will now he undertaken. 

Already a number of leading engineering schools hav^ ample 
facilities for carrying on first-class graduate work in highwaV engi- 
neering leading to the master’s and the doctor’s degrees. 

HIGHWAY TRANSPORTATION ENGINEERING EDUCATION. 

O 

Perhaps the more difficult of the two complicated problems fac\nj> 
the engineering colleges is that of preparing highway transport e.v 
ports. Granted that our highway engineers will prepare suitable 
roads for the growing number of automobiles and motor (rucks 
|tre great question, the final cause of all out efforts, is the planning 
of an automotive transportation program commensurate with the 
rapidly growing^ needs of this country. Tire continued expansion 
ess; internal eonlmerce which has been so rharked since the war is 
demanding an output of motor trucks and automobiles that will 
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i-reafte a volume as well os a variety of traffic and the consequent*^ ^ 
Domic problems which cun not l>e solved by the novice. 

At least 12 colleges und universities of importance are giving 
Mtention to the subject of' transportation, and especially in the field 
pertaining to railroads. Full four-year ifiurricula in railroad trans- 
portation are offered by the* University of Illinois and the Wharton 
School of Conor! ere e and Finance of the University qf ( Pennsyl- 
vania. Little has been attempted in highway transport education. 
However, if- is dpe in large measure to the leadership of Prof. Arthur 
11. Mancha i d. formerly of Columbia University and now professor 
of highway engineering and highway transport of the University of 
Michigan, that highway transportation education is commencing to* 
recognized as one of the coming engineering^ specialties of im- 
portance. t 

iliie help which the colleges agd universities of the United States 
arc giving in preparing men tfUmrot these vital needs of the country 
places the Nation, the States, and individuals under great obligations 
tn.oiir colleges for the services they can render, and at the same time 
i here. is. placed upon these institutions an important responsibility 
which they alone ran perform. 
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Charles K. Ferris, dean of the School of Engineering. University of Tonriesser 
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Hector J. Hughes, professor of highway engineering, Harvard Engineer^ 
* School, ^Harvard University, Cambridge, Mass. 
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EDUCATIONAL SLUcOMMITTE*. 
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Hector J. Hughes, associate, 

C. J. Tiljlon, associate. 


P HOG HAM. * 

« 

1. Personnel needs of the districts under the supervision of the Bureau of 
Public Hoads: 

(o) Available supply and future requirements indicated by definite per- 
centages. losses due to deaths and resignations. The Increase to 
the amount of work to he done. y , 

(5) 8hmild permanent advisory board attempt a control, of the highway 
engineer supply through limitation of students permitted to take a 
highway engineering course when there l^nn oversupply or to In- 
duce students, to take such a course *hen the supply is insufficient 
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2. Duties of highway engineers: 

{\i) Commissioner, director, or chief of Federal, State, county, town, or 
city highway depart merit, bureau, or board. 
i$) Chief engineer of one such highway bodies. 

(c) Assistant chief engineer or member' of chief engineer’s staff. 
tit) Division, or district engineer. „ 
tel Resident engineer. 

( f) Chief of party, transitman, levelnmn, rodmay, or draftsman. 

<//) bridge engineer or bridge engineer assistants. 

(M Chemist, testing* engineer, geologist., 

(i) Economist, research engineer. * ' 

An extract from the report of the Congressional Reclassification Commission 
• is nttaHied for reference. 

* * 

3. Kdia-iitl»ui for highway engineers: 

tci Full gnuled-school and Inch-school work and a college undergraduate 
course of four yours, leading to what degree? Is* any other length 
**f uiidyrgraduatt* course suggested? 

* (6) Should the first two years pftlte college course In* purely a civil* 

engineering course. with the highway engineering subjects confln«S 
to the third and fourth years of a .civil-engineering course? If so,' 
what proportion of the third and fourth years should be in highway 
ongluiMTing, what subjects each year, and the number of hours?. 

(.c) How mueh highway transport work should he given to uu under 
grndui^e electing highway engineering, in what years, what subjects 
each year, and the nnmhjT of hours? 

(</l Should tliere tie uu attempt to secure as- a part of the complete college 
course practical experience fluting summer vacations l^y arrange- 
incur .with organizations doing highway design, construction, and 
maintenance? 

(e) Research work for the hlghwny engineer undergraduate. * * 

(/) Postgraduate course -of what it should consist, number of vonrs re* 
quired to complete tlie course, months dhring the year suggested for 
the course, and hours In each year. 

' ■ TIIE PURPOSE OF THIS SECTION. 


The question discussed by the Section >on Highway Engineering 
was : 

IIow shall a supply of trained men be secured for highway cngi«* 
necring from graduates of engineering colleges and through short 
courses and graduate courses? What cooperation may be secured 
between the State highway commission and the colleges to make use 
of the facilities of both organizations in reciprocal service? 

Having defined the character of the service to be rendered, by 
highway engineers, what studies of the curriculum will be most use- 
ful in training Mnmwfor such services? 

The discussion, therefore, followed the following lines: 

A. Needs of personnel : t # 

in. Numlier of men needed each year for highway organi- 
zations. 

(2) Supply of trained men from colleges, 

(8) Control of supply of trained men. , 
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ENGINEERING. 


B. Duties of highway engineers: 

(1) Specification of duties. 

(2) Salaries. 

C. Education of highway engineers:.* 

(1) Education of highway engineers. 

(2) Rfilatinrr-of colleges to highway organizations. 
(4) Postgraduate courses. 


ABSTRACT OF DISCUSSION. 


The discussion may be abstracted , as follows: 

A. The needs of 'personnel , 

Erom the data submitted it appeared that the need of trained big!), 
way engineers, inspectors, etc., far exceeds the supply now availaW. 
An annual increment of 1,100 graduates is needed, whereas the sup- 
ply of civil engineers of graduates of all branches is only approxi- . 
matelv this number. The suggestion was made that some central 
body should supply information to the colleges of the opportunities 
and openings in highway engineering, so that the senior class might 
intelligently dispose of themselves. 

B. Duties of highway engineers* 

The specifications for the job atul for the qualification of mm to 
perform the duties and discharge the responsibilities attached to* 
the job were recited; the scale of salaries now paid and proposed 
to be paid. It appeared that the- latter were not large enough to 
compete with industrial opportunities. The difference might 1* 

4 overcome by creating ideals of public service. i 

" r 

C. Education of highway engineers. 

The relative iin|H>rtanee of fundamentals and special application? 
in education was discussed. The need for studies other than of 
technology to prepares man for administration and for citizenship 
was emphasized. T lie situation in the colleges, which are struggling 
under an overload, with a -diminished, teaching force which is 'com- 
peted for by the industries, was forcibly described and the necessity 
of pnblie support of these institutions strongly stressed . j 

The need for connecting up the colleges with the highway commis- 
sion for reciprocal service was also emphasized. 

The difficulty of synchronizing the college program with the con- 
struction period was noted. The summer employment of students in 
services of increasing importance in 'succeeding vacations was sug- 
gested ns a valuable means of training, especially if it were related 
to thg term instruction. The residence of the technical staff of the 
commissions at the university for short periods, and the 1 formation 
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o? classes for further study at the headquarters of the commission 
were suggested as additional means of training. * 

-Research by undergraduates seemed to the conference to be limited 
to short problems, which, however, might be a part of a general field, 
apportioned by a central body. Training in research methods and 
the generation of the spirit of research among undergraduates was 
more important than the particular results. 


Proceedings of the Conference Committee on Highway Engi- 
neering. 


Chairman: Thomap H. MacDonald. 

(A) NEEDS OF PERSONNEL IN HIGHWAY ORGANIZATIONS. 


(1) Ner<h of highway organizations in personnel. 

Mr. MacDonald. The first subject is assigned to Cap! Wilson — 
Personnel needs by Bureau of Public Roads districts. 

Capt. M ilson read figures from a table prepared from data received 
from 30 State highway departments, as cited in Mr. MacDonald’s 
paper. (See p. 33.) 1 hose data showed that a total of 312 engineers 

were employed by the Bureau of Public Roads at Washington and in 
tin* held. Thirty-six States reported 3,939 engineering employees 
and 2.r»-j8 additional in county and other organizations, or 5.G67 totaL 
1 be percentage of the several grades arc: * 


Ter cvnt. 

1 Above division engineer or similar grades. 5 

*-’■ IH vision .engineer or similar grades ' 12 

Incident -engineers or similar grades 26 

4- Grade .below resident engltkffr 51 * 

5. Unclassified q 

Totnl 100 


It was estimated thnt the needs of the next derade.wotlld be from 
9 t«. 12 per cent per ycAr, but that the’ per cent is probnblv far short 
of the actual number that will be required as the standards of the 
counties continue to be raised and as the maintenance is placed more 
and more under technical direction. 

As further indications of future needs, Uje paper by Mr. Mac- 
Donald quotes the 'following data : 


Total expenditure for highways, by years, in the United State* ^ 


Yenr. 

1916 . 
1917 _ 
1918. 


1019 (esttmnted) j 

1920 (estlnmted nvnllnble for expenditure) 



ToUL 

$272, 634, 413 
'279, 915,832 
286, 008, 192 


803,670,105 ' 

... 783,000,000 
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Because of the industrial and transportation situation it is prob- 
able that only 50 percent of the amount available for 1920 can be 
spent. 

The •extension of engineering control of expenditure and i lu-T- ased 
need for engineering IjcvoihI the proportion of money 'availijMo is 
shown in the following data: The per cent of construction fund> ex- 
pended under the control of trained engineers for tin* vear HUG w;u 
27 per cent; 1917, 35 per cent; 1913, 41 per cent; 1919, 4G per cent: 
1920, 81 per cent. . r 

Maintenance of highway^ by organizations operated by en"in<i*i> 
also demands a supply of trained men. Of the total miles of high- 
\rays, the State highway departments maintained 3 per cent in ! : M G : 
7.3 per cent fn 1917: 8.1 per cent in 1918. The field of maintenance 
is of increasing importance. 

A. N. Johnson. Did the figures given in your paper take into ac- 
count deaths, resignations, etc.? 

Capt. \V ii^soN. \ cs. In the letters sent to the State highwav dc- 
partnients the following sentence was included : u It should he borne 
in mind that the need will he caused by deaths and resignation'. ;i> 
well as increase i n t li e amount of work to be done.” 

Mr. Hoyt. lhe r Tinted States Geological Survey finds that the 
turnover to keep up the normal is somewhere around 20 per cent, 

M*r. % Htdo. .Has there been any attempt to find out whether die 
shortage is due to a slmrlaire of engineers or to salaries? 

Capt. W 1 1 . sox. Both. I f- we paid higher salaries we could uet n u n. 
although the number of highway engineers is limited. The amount 
of work has increased very much more rapidly than the opportunity 
to train fhe men. A quarter of a million dollars was spent* in lnh>. 
and *herc is three times that amount t.o spend this year, and three 
times the amount’of work to he dour, Very few men have been goi?^ 
into highway' entd it eering during the last three years. . 

Chair man. I have a total of approximately G.OOO men reported em- 
ployed by the 30 State highway departments.. That is an average of 
200 to the State. At that rate -18 States would employ '9,00(1 men. 
These are inch who should have engineeriffir' training and db not in- 
clude some of the lower positions. Xhe annual needs would he 10 
j>er cent of 9.f>ou or 900 engineers. If our estimates are correct', when 
the ; present freshmen class graduates there will he- approximately 
5,500* engineers graduating. The needs, for highway engineers will 
require approximately. 2o per cent of the entire number, of engineer- 
ing graduates. * 

Mr. Siuku>;y., So fax as I run sec. the importance of highway engi- 
neering has not been impressed upon the educators as! it should 1m, 
The demands in the past w^U sink Into insignificance in comparison 
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with what they -will be in the future. Highway construction is going 
to increase and .increase. ’Many new problems in research are com- 
ing up. Therefore there is no speeulation.in training as many men 
as cun be secured. 


(2) Supply of trained highway engineers. 

Chairman. What is the estimate of the number of engineering 
graduates that are civil engineers? 

Dr. IIuohks. About 20 to 25 per cent graduate in civil engineering 
now. 


Prof. Hatt. About 20 to 25 per cent. 

Pnd. Tii.iu:n. Ibither high; I think under 20 per cent. The me- 
'‘huniculs and electricals have been running rather higher. 

Chairman. At the rate of 20 per cent rate there would be approxi- 
mately 'l.O(H) or 1,100 graduates in civil engineering. If these esti- 
mates are at all correct, this number would just meet the requirements 
of the State highway departments, provided cverj^man went into the 
highway work. 

Prof. Hatt, The graduates in civil engineering from Purdue Uni- 
versity have entered highway engineering work as follows: 1013, 8 
percent: 101-1, 8 per rent ; 1015, l;Cper cent: 101G, 10 per cent ; 1017, 
lit per cent : 1018, 21 per cent : 1010. 26 per cent ; 1020, 23 per cent. 

In motor-transport work from the school of mechanical engineer- 
ing. including the manufacture of automobiles, sales, maintenance, 
research : 1016. 13 per cent; 1917, 21 per cent ; 1018; 33 per cent; 1919, 
‘27 percent; 1020, 38 j>er cent. 

This year the ‘balance has been disturbed, because it is the first’ 
time the manufacturing concerns, have been canvassing civil engi- 
neering seniors for employment in manufacturing, mainly with a 
view ty> sales engineering. For instance, one company manufacturing 
road machinery is paying $150 to $175 a month to our seniors to go 
into its factory; and the highway commission is paying $125. It is 
difficult to persuade seniors to enter the latter, 

Chairman. What is the average per cent .that might be counted 
on to go into the highway work? 

Prof. Hatt, It is difficult to predict the quantity. The-' springs of 
action moving our student* are difficult to determine. They lie back 
in the high schools and magazine literature, and student boarding 
houses. 


Dr. Hhohks, One of the springs is very clearly defined. In my 
office, where all the work of nine different programs 'comes in, during 
the past week there have Wen 20 representatives of industrial firms, 
electrical and mechanical chiefly, offering the men $125; and $150, 
and, in one case* $175 to stajt, and one ofuhcm offered $225 at the 
end of 6ix ^nonths.* The highway engineers can not be placed at 
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such prices, and until something is done to make the highway work 
attractive we are not going to attract civil engineers into this kind 
of work. When the Harvard departments were working at the Massa- 
chusetts Institute of Technology there was a regular highway pro- 
gram which graduated a number of students. T have talked with a . 
number of them since. They wish they had not gone into highway 
work. They say: “ We go into highway departments and they •rive 
us work for the summer, and when .January comes they do not need 
us; or we have to take a civil-service examination to get a job.” That 
is one of the real situations. In fact, that is what your chairman said 
this morning. It is a matter of inducements. • 


(3) Control of ku//^Ii/ of h'ajhiray cvffhirrrs. , 

Chaikman. Tf we have discussed the prc.-ent need sufficiently to 
fix some figures in our minds that are not very definite, but, perhaps, 
estimate the requirements, we ahull pass to the next topic : Should the ‘ 
permanent advisory board attempt a control of supply of high wav- 
engineers through the limitation of students' permitted tq take a 
• highway-engineering course, when there is an oversupply, nnd induc- 
ing students to take such a course w-lien the supply is insufficient ? j 
Prof. Hugiie8. There is probably no more important problem at ] 
,thc present time in the schools bf a this country, technical and other- 
wise, than to find some' intelligent means for fitting men to places 
I don’t see how that can be done for highway engineers until we find 
some way of doing it for all sorts of engineers. If sufficient in- 
ducements were made in the positions which are open to civil en- 
gineers, it would be a very simpie matter to divert men to thp high- 
way work, say, at the lwgjnning of their senior year. The places 
open to' them now urc not attractive as compared to the' places which 
they can get -immediately in particular industries pr regular en- 
gineering work. Telephone companies arc taking electrical engineers, 
starting at $150 a month. ( ^ 

There is another phase that is even more important. I have been * 
told by some young men that? a good man, alter having been, for 
example, an engineer for sorne time in an electrical company’ has 
u very good chance to got into some of the executive departments. 

I do not see that we have very much to offer men in highway on 
gi-neering departments beyond strictly technical places; so’ that. , 
there is not the* advantage, which 'many students look upon as a**' 
very important one— that -of getting into highly paid executive 
positions.. Thcr§ ( ought to be something done to innke those induce*' 
ments. Fop example: The textile industries of New -England up/ - 
to dato have had very few trained nicn. They will take all tlief 
men. we will semi them, and are willing to train them at their own! 
expense. At the end of five years the men are likely to have $10,00(j 
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or $15,000 jobs open to then*. We have not got those jobs for high- 
way engineers. If they go into the contracting business they may 
expect such compensation. . . 

One thing cun he done. There ought to be some agency which 
will keep the schools informed of opportunities in highway engineer- 
ing. In New hnglnnd we learn of the opportunities in New York 
State and in the United States Government, hut nothing of what 
is open, in Illinois. If the schools had systematic information', 
gathered together from nil over the country, of what jobs are open 
and how to get those jobs, it would materially help in inducing a 
man to ^pursue highway engineering* u future profession. ’The 
.real trouble is lack of inducement. 

Mr. Hoyt, lho welfare of the individual student must be con- 
sulted. The industrial conditions which prevail at the time a fresh- 
man graduates will *be very uncertain. lie should have e broad 
three veins* engineering education. uind at the end of three years, 
nc will l>e able to branch mu into a specialty. If sonic opening could 
l»c established whereby the. colleges could he informed of the de- 
mands in various held.", the men of tlu* senior class, in consultation 
.\uth the professors. «<>uld switch /nun one field to another. 

Prof. 1 11 .DEN. I should like to ask jwt how an advisory board 
-oiih] control the highway engineering supply? What would be the 
bade niganiyailion of such a hoard? 

( iiajkman. I his same question is troubling t lie chairman. - This 
was not my question : it was Prof. Hughes’s question. 

• An i tii] Mutant point to consider in^this matter of 

:u;V attempt, to control is the dag of supply Ifchind the need under 
the present system. Tor instance, \i there is a strong demand one 
war lor graduates in media nic^engineering, that becomes ap- 
jiarVnt not only to the -enior class but to the students in the lower 
.lasses: of the schoyl who are just yiaking the decision as to which 
lim ? \ civil, electrical, mechanical. or chemical, they are going into. 

A sudden inoioase in the demand for chemical engineers this year 
ingoing to have its effect in inducing a number of freshmen, sopho* 
mm-e.sw juniors into choosing that line of work, and these men 
Wne up ns available material three years or two years or a year 
later. At that time the industrial demand may be partially met, 
find there is at the same time the oversupplv from the schools. That 
particular phase of the time factor, it seems to' me, would be an 
important -Vine. . 

Prof. Hughes. It is the whole questioivand, of course, one way to 
help this is to avoid a choice any earlier tlmn necessary, but it is 
wider than that. I do not see how you cun do it until you can 
find a far more intelligent basis than we now have for adapting . 
to the work for. which Jjhev are' suited vid training them for.it. . 
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■*■ Prof. Tiiden. Fluctuations in the demand are going to orrjir at 
nmch shorter intervals than the four-year curriculum. 

A. X'. Johnson. While many of the industries to-day, in the need, 
of the hour which is very pressing, do not hesitate to offer these 
rather large inducements, is it not a fact that a very large* |>crcent- 
age of industries, a- compared with public work, go in peaks and 
, i drops? J lie _ lirst inducement is to get graduates in. Then 
is no assurance how long they are going to stay. Thus ii 
may happen that’ in a year or two hence, when there is no dt 
inand, these men may lie thrown out in the world, and, because the 
drop in industrial conditions tuay last for a few years, tffev mav 
. • ^ H ' thrown out not for the winter months hut for. two or three years 
tin- the otheiv ha ml. mo>t oi this public work is far more stable and 
is not all subject to the fluctuations that the industrial situation i, 
subject to. ami there is more of a reasonable opportunity for |n-rtna 
neney in the career, whi, h, I think, can very well he brought out and 
should he brought out. I am not by any means* arguing that t he 
pit*.-, ni inducenients-**L*ilarie.s are anyw here fccar sullirieiit. 

Prof. 1 1 l ull us. There is another side to what .Mr. Johnson say?. I 
think industrial eonditiohs have very materially changed. Willi the 
shortage of labor there is a. very much increased demand for puna 
none position.-, for trained men in the industries. For inst am e. the 
great textile industries of New England have almost no tranied 
seientilie men. They are getting to need them more and more. With 
the shortage of lahouthe problem of production is increasing in im- 
portance. 1 believe, myself, from a recent study. -that there is goine 
to he a permanent demand in the industries for these men. 

. Air. Snim.KY. The -turnover that has taken' place in the liiirhway 
engineering has been a great deal more rapid than in any industries, 
1 wo and three-quarters years is the 'average life of office of an engi- 
neer commissioner. . Certain States have civil-service laws which only 
allow voters and residents to get in under civil-service laws. That' is 
going to operate against any plan you may have to qualify men for 
this -perific work. 1 hose men, regardless of how well qualified they 
are, 'will not lie available for that Stnte. 

<B) DUTIES OF HIGHWAY ENGINEERS. 

( ft airman. It seems to me that a part of the question concerning 
. t the opportunities for engineers, particularly for executive positions, 
might be disced under the next topic—Duties of highway engi- 
neers. The committee has outlined 4 discussion,, based pn the differ- 
ent grades of engineers that exist in the different departments, but it 
seems >o me that a somewhat more logical division is that made by 
the Reclassification Commission into certain groups — the five profes- 

/■ ‘ •* •• ; 
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signal and two subprofessionnl groups. If it were possible to recog- 
certain classes or^grades of engineers and secure a definition of 
their duties, one leading directly to the next higher, as in the pro- 
in the Government service, that would open to the stude£ts the 
-te|» of advancement that lead to the higher positions. If such a 
were generally adopted, not only in the Federal Government, 
hip in the State depi 
iii-t motors he able to 
-e r vice ( M 

Mr. IhtVT. I he proposed classification of the congressional- com- 
mit me is as follows : 


lrtmcnts as a whole, would n*,t the engineering 
say to the students: “Here's your line o| publftT 


l.\l!:.\ri HiOM liKCOUV OF CONGRESSIONAL ItKCl.ASSinCATION ( *OM M ISSION ( KoB 
EULCAliUNAL CoNVKKKNU;, M \Y Id AM) 1"), Ui^O>. 

t 


% 


JI'Mhii km,im:ki:ini; aim, 

p ' < / ft fO/lbH* i>\ t hi v*. 


! > uiirs.~ I odor suprrvjHMn, to pr:*f.'*rm tnis'vHnnenns subordinate 

u in ilic laboratory. i»r. ticM. < » r 1 any branch n| •'iiiriitt'i*]'! 

Examples : Sot t i n>4~ u ) > apparatus; i ■ .;i k t 1 1 1 ; simple ritgiinvring computat j< ms ; 
'*"!«« j 0 1 i n>4 held dam or laboratory i i I i 1 1 l; and indmVim: limps, plans. mid 

bs; propu rinc simiplrs ; caring for inM num-nts in ilu* field or laboratory; 

*■>'. i ■ : Kin- ns rodiiinn. chnintimn, or tracer; making blue prints. * 

*' ''/n ah* *Ji#, t 'loiinum school education; good health. 

I'tomulitJiL—'l'u civil engineering aid. 

COPY1NT DP.Al 'TS V AN, ' . 


Sfjcciftcatinii o f r/'itf*. 


h *if fc?.- - 1 * ndor Immediate supervision, jo mnke tracings from original druw- 
!,, «£ prepared ny others; and fto perforin miscellaneous, routine work in a draft- 
ing room. ‘ - ' 

Examples: Making simple tracings; copying dntu: tiling mu] Indexing tinder 
MiiTi \ ision ; lettering; making simple drawings and diagrams; inaMUR band 
-■-'Vjrtvtiiins on printed charts. * it 

— Train Ini; equivalent to that represented by grmluntloflfrfjfypi 
1'i-b school; knowledge of fhe use of* drawing instruments, and ability to use 
1 1 1« *i : > neatly. * , * v 

Ihomotion . — To dvll engineering draftsman, ' - 

CIVII. KNUINKSHI NO AID. a 

Specifications of Wo#*. * 

AwHea.-r-To perform under Immediate supervision minor technical work In 
any brnneh^Jf civil engineering; and to perform rebued work ns required; 

Examples;' Making measurements mid estimates In the, field; acting as re- 
corder or computer In laboratory, field, or office; operathtt and caring for sus- j 
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'ejlug instruments; computing data for reports of records; plotting notes and 
maps ; preparing working drawings where design is furnished. 

Qualifications. Tra i n i ng equivalent to that represented by graduation from 
high school; not less than two years* experience ( in engineering work; famli* 
iarlty with the use of the slide rule; and ability to do lettering and drafting, 
and to muke simple engineering computations. 

Promotion.— From junior^ engineering aid to junior civil engineer. 

* « 

t * CIVIL ENOINKKK1 NO OKAKTSMAN. 


Specifications of class. 

Duties.— To |M‘rforin under immediate supervision routine drafting work lit 
connection with the preparation of plans for civil engineering projects; and l0 
fk.*rform relutt^l work as required. . 

Examples : Making tracings from original Ura\vlndjtf^iiaking drawings of 
minor importance; tiling and indexing drawl lu^Ffffteijng, computing ■ iUu\ 
revising. ' ^ 

Qualifications .— Training cquftulcnt to Hint represented by graduation fruuj 
high school; not less than two yeiirs* experience in engineering drafting u 
und ability to letter and to make simple cn leu la lions. 

iVomo/io/t.— From copyist draftsman to junior, civil engineer. 


JLNIOK CIVIL fcj\0 INKER, 

^ ^ Specifications t t f class. 

; Wilder Itn mediate supervision, to per form routine surveying, cone 

pming. drafting, uml, insj>octing, on survey, construction, or \*uluuiion wi.rk 
and to perform related work as required. 

Examples: Surveying with transit or 'level; using measuring devices i\.r 
stream gauging; Inspecting structures duriug construction and after rumple, 
lion; assisting in laboratory tests of strurhmih nmtorijilH; preparing r |iaiP< 
for stntfetlcul and. engineering data; laying down lines fur hultdin- foumh. 
'Hons; drawing and tracing plans; making plans ; table surveys; developing ml.] 
drawing details of maps and charts; lettering; giving lines and grades for 
highway construction : keeping cost data ; serving us boat oMieer or tfc assistant 
In hydrographic, geodetic, and astronomic lmrtios. 

Qualifications. Training equivalent to that ' represented by graduation with 
a degree from an Institution of recognized standing; with major work in 'en- 
gineering. .preferably in ci.v II. engineering. , 

/Vo/ao/,o/i.-Fro,n civil engineering alll, civil engineering draftsman, to a* 
slMiuu highway engineer. 

* ' ASSISTANT HIGHWAY ENGINEER, 

Specifications of class. 1 - 

Under siavlfle administrative had technical direction, to he In re- 
MiH.iihil.lo chaw it a minor subdiv^on of a highway engineering orgaulr.nl Ion ; 
to CO Iwt and compile data for specific items of highway, engineering similes; 
to take Immediate charge of field survey projects In, or the design. Inspection, 
or construction of minor highway engineering work; to. lay out and develop 
' ' . M * .. . ' i * ■ 
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work from spooiflont Irma, ami to suporviso tlio work of a drafting or computing 
foric; to conduct specific tests or Investigations of apparatus, material, or 
processes; and to perform related work as required. 

Examples: Making surveys for the purjmsu of securing dnta for highway 
consirui-tion ; making and reviewing plans, specifications, and estimates for 
highways; compiling data on. and inspecting flurries, gravel pits, and crush- 
ing :«lnifts ; sup. rimoaliag the maintenance of experimental roads; assisting 
in experimental n-mrli and in the testing «f roud materials. 

Qualification*.*- -Training equi valent tit that represented hy graduation with 
u degree from an institution of recognized standing, with major work in civil 
engineering, preferably highway .engineering ; not less than two years* ex perl - 
cnee in highway engineering work in field or office, proven technical knowledge 
nt’ul proticioiipy . 

Prumot ion. From junior civil engineer to associate higliway engineer.' 

ASSOCIATE HIGHWAY ENGINEER. 

Xpert ftcutio'ns of class. 

Duties.' To perform one or more of the following functions under general nd- 
min Mrntlve and technical direction: (1) To he in responsible charge of an in-* 
tcrimdiate subdivision of n highway engineering organization; (2) to exercise 
iiidetKMident engineering Judgment and assume responsibilities in studies and 
• 'imputations necessary in the preparation of reports, estimates, or designs; 

1 " ' * u hu\^nnaedlate charge of the construction, nutfntehance, or operation of 
uiipnriant highway engineering works or projects; (4) to direct or perform Itn- 
Mt mi researches in highway engineering; and toperrorm other related work. 
Examples : Making survey* and estimates In connection with highway cou- 
ru<‘i ieu , investigating and reporting on methods of road construction; testing 
mem! materials; reviewing' plans, specifications, and estimates, and making 
t a ii men da t ions in regard to them; assisting in Installing Improved methods 
of Slate management Of highways; laying out rountry systems of highways. 

ifutthfiniUuns .—' Training equivalent to Hint represented by graduation with 
a degree from ;ui institution of recognized standing, with major work In ^ivil 
i-nmii'-oring, impfoiobly in highway engineering; not less than five years* general 
engineering experience, of width m least one year shall have been in the 
dim-lion or imrfonnam-e of Important" "highway engineering w <yk ; and super- 
visory or administrative ability or a high degree of technical skill. J 
Promotion, — l-rom assist mil Idghwuy engineer to highway engager. 


HIGHWAY ENGINEER. 
Xpert peat ions of class. 


./ 




DulUs ,-- To perform one or more of the following fum-tiontt under gonernl ad- 
ministrative direction; ili f J>. have responsible charge of, llnd to Initiate, and 
execute policies for a major subdivision of a highway engim^rlng organization ; 
(1!) t*> prepare for final executive uethm. reports, estimates. K|H*clflcutions, d* 
signs, and data ; (3) to have charge of the const ruction, inspection, maintenance, 
nml operation of highway engineering works of major iTnportance; (4) to con- 
• dwt or. to direct major lines of highway engineering research; (5) to .furnish 
for executive action, exjiert or critical advice bn highway engineering works; 

. projects, or policies: (61 to net as special advisor on highway engineering 

..problems; and to K*r form' other; rein ted work, ■ 
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Qualification *. — Training equivalent to that represent* 1 hy graduation with a 
degree from fin Institution of recognized standing. with major work in civil 
engineering, preferably in highway engineering ; not loss than eight >vnri ponml I 
_ 1 ; ngtneoriug experience, of which ur least four yours shall haw been in the I 
dinvt ion or performance of important highway engineering work ; lar^v | 
capacity and demonstrated ability und experience ir. tho udinin-M ration of h »i t . I 
v.ay engineering work. 

Promotion. From ussoeiate highway engineer to senior highway engimer. 


Duties.. To perform one or more of th.* following functions: m To ]. ;M: 


limitations imposed hy law. regulations, or other lixed requirements ; i.'i f „. 
he responsil,!.. for reports, estimates, d.-sivns sp.-,-iii,-;iij ( „ lS , mi.) ,|al:n ..r fur 
the^cynsimeiion. maintcmiiM-e. and operation of l;u highway engimvrjr. 
projects; Ci> to direct or to perform tile most -ompivhensde research' In it- _-h * 
engineering projects, policies, or vnitmi ions ; and t < t perform other rein t 1 
whrk. 

Training equivalent m that repr. s.-med by gradnatio,, uh! ; 
a degree from an Institution el ivi-omi j/ ( .<| Mamling with major work in ij\:j 
engi neeri ilg, preferably in' highway eiigineering ; and not less than ill \, (;s 
general engineering e.^jim icnee, of whi< It at b •: < -r s years shfttl have he* -n ia 
Hie ditveUoti nr performance of important highway engineering work ,,f. :1 
charaeter to Vive substantial ovidem-e of engineering knowledge ami abiiiii, 
or of executive ca purity, „f the highest order, . 
iVumu/io«. T -Fruiu iiighway engineer to chief. 


Duties . — Executive nnd technical supervision over work. ■ 

Q«^/i7rctf/ion.'{.— 'i'rainiag equivalent to that represented" by graduation with 
a degree from an Institution of recognized standing, with major work in civil 
engineering; extended professional expetlcnee, of whlrlj at teas* eichi years 
slut 11 lmve been of a charaeter to gfce substantial evidence of knowl^ge ami 
ability, nnd of executive enpuefty of the highest order. 

Promotion . — From set dor highway engineer. 


Mr. Hoyt. The bus# principle on which these principles were 
■worked up are, first, the kind of work involved; nnd, second, responsi- 
bility attached thereto. An etfort w%s mnde to hnvej them so'gencral 
that they would apply to tiny brunch nf engineering. 

For instance, in the junior Isnide, which is the lpwest professional 
grade, atnan must have asji basic requirement a college education 
oi the equivalent in one of the lines of engineering. lie would work 
in that grade under direction and under supervision until htdemoji- 
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strated his ability to work independently or to supervise others. Then 
he would be promoted to the assistant grade, in which lie would have 
responsibility for independent work under very general direction and 
also have responsibilit^of supervising in a very limited way the work 
of others. 'I he assistant grade is that in which the rank and file, about 
80 per cent of engineering employees, will have to work, and an effort 
was made to fix the salary for that grade as high as possible, because 
the chances of getting out of that grade into a higher class are rather 
limited, 

l or promotion to the associate grade, there must be a demonstra- 
t ion of more abil itv to do a higher grade of work, 

fining down to the lower grades there is a definite .subdivision be- 
tween the professional in a q and the sul ’professional mail. The specifi- 
cations drawn up by the commission were primarily adapted to the 
< Government service in Washington. In studying these *in connection* 
with the Engineering Council, we found it necessary to catry the sub- 
professional grade higher than the Keclassification Commission did, 
r i herefore we have overlapped. 

Now, this grade of srtbprulessioiml is the limit for the man- who 
has not the educational qualifications to go jip into the higher grades 
of engineering work and design. We proper to divide those two 
gardes of ^nen into such a subdivision o reclassification as would, make 
possible an equitable salary adjustment in .accordance with the 
responsibilities of the position and the ability of ,the man to do the 
work, the two principal factors to bethken into account. Of* course, 
the higher up the fewer positions there are to fiy, Ofify com para-, 
tively few men can ever reach the higher positions, so that salaries 
must be provided sufficient to satisfy men in the intermediate stages. 
That has not been done* in i%c salary adjustments*. The higher 
places pay much more in proportion than the intermediate places 
in which most of the men are employed. This fact has caused the 
discontent anions engineers and is responsible for the tendency 
toward unionization which is quite *ii sentiment! throughout the 
country for some sort of kn oVganization to promote the interests of 
the now unorganized men; - 

Mr. MacDonald, While the specification that \vas finally adopted 
by the Keclassification Committee goes a^the matter from a slightly 
different angle, is it not general enough in its character to permit the* 
classification of all highway department employees under its divi- 
siont Are these specifications not sufficiently: extended to classify 
these men as far as* need be? We are i>^t. particularly interested in* 
the specific duties of the different classes of men ? • f • 

Mr. Hoyt. In that connection I think the committee should .con- 
sider the addition of a highway subpiofessional grade. Tfiere nfa T 
only two subprofe^sioriai grades designed for persons in the/ Wash?; 
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ington service, There is a highway gi;ade. which never goes into the 
full professional work; the subprofessional, which is very impoitant 
to the organization, including foremen, superintendents, and men 
of that class. They are more or less artisans, or men who would 
never go to the top. By additional study they may come* up to the 
professional grades. As a general proposition the cbmmittee would 
do well, to differentiate between the professional man and the sub- 
professional marf: These are two distinct fields, and they' need differ- 
ent training. 

The Chairman/ I have referred to these specifications because they 
. were arrived at after consideration of a rather wide variety of serv- 
ices and because it seems to me it would not be desirable to try to 
limit grades too closely. The requirements and duties of our high- 
way engineers' will change from year to year, and it seems to me that 
it is desirably to have a general classification, with their responsibil- 
ities and duties fixed, rather than a specification of titles as Chief* 
Engineer*s,or Resident Engineer or Bridge Engineer, etc, 

Mr. Hoyt has given an outline of the professional grades of en- - 
gineering service as •outlined bytlm Beclassification Commission. 
Now thafr committee did not fix a salary for the senior grade, hut 
'for the engineer of second grade; for which the recommendations 
range from $4,140 to $5,040. - * 

Salaries of highway Engineers . — The following schedule shows the 
comparison of ’salaries in the Bureau of Public Koads in 1910 as 
compared with those jn- the various States and those’ recommended 
by the Keclassification Committee, grouped under these '"’several 
divisions: 


r 

c 

Rank 

4 

Rureau of Public. 
Roods, both oiFice^ 
and field, exclusive 
of bonus. 

Compunction in vari- 
ous States; 1 reclassi- 
fication basis! 

hocomniendod by re- 
classification. 

Mini* 

mum. 

Aver- 

age. 

Vaxi- 

mum. 

Mini- 

mum. 

S, 

Aver- 

age. 

Maxi- 

mum. 

V 

Mini- 

mum 

Aver- 

age 

Mixb 

mum. 

Sr mor 

M ,.‘ W 
?.5oo 
2,280 
1,500 
050 
720 
480 

540 

14,500 
3. Ml 
2,650 
2,141 
1.537 
! MO 

707 
700 

14.500 

4.000 
3,240 

3.000 
2. 10} 
1,080 
1,0*0 
1,080 

*5,000 
2,«20 
2, 200 
2,100 
900 
800 
480 

*7, 150 
4,300* 
* 4,100 
2,635 
1,835 
1,043 
915. 

1 , 2 m 

*10,000 
5,4*10 
0,000 
3, 300 
, 3,0ti0 
2,080 
1,500 




Engineer 

A ssoriat o * . . . v . . . 

Afcstelnnt 

Junior 

Civil cngmf'rr aid 

Junior eii^inror aid 

Copyist \ 

*4,140 

3,240 
2, 400 

l,2no 

840 

1,080 

*4,500 
3,540 
% 2, 700 
1,080 
1,500 
1,020 
1,170 

r>.m 

3, MO 
3,tVVl 

2, m 

1,300 
1 260 
0 


4 k 

M Wisconsin, New York, Delaware. Maryland MiehigSti, Pennsylvania, Califowia, 

Tcxa* Iowa. Illinois. Indiana, Now Jctsey Ohio— 14 Mates. 


From 'thc.se it will Jbe noted that in the 14 typical States having 
well-organized highway depart ihen\%Bie"sala r ies are higher than 
those recommended by the Heelnssificatjon Commission, and very 
much higher than those now paid by the Bureau of Public Koads. 


L_ 




_ % , • 
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But even this schedule is lower than the recommendations of the 
American Association of Engineers or the Engineering Council. 
The recommendations of this association are shown in the following 

schedule: ' • 


Rank. 

Compensation. 

Minimum. 

Maximum. 


$8, 000 
4,000 
3,600 
2,400 

1.500 
1,*00 
1,200 

1.500 

s 

S 15 000 
i&rooo 

5.000 

4.000 
2,400 
2,403 

i,r.oo 

2,400 

Kn iM v . 

A^cvtiH* * ... ... 

Avi.* Unt ; 


Engineer aid druD -»nan 

Junior ctK'fnoer -aid 

Copvi t k 



Prof, Hughes. One of the big milling machine companies of which 
I know has quite a hfcge group of men out of college a year, each of 
whom is paid $4,600 a year. If they are'out four or five years their 
salary is $10,000 or $12, 0<K). . 

Chairman. Mr. Allen, can you outline the divisions on the sched- 
ule under topic 2, showing the different offices in a highway departs 
nient? That would give something of an outline to th/3 representa- 
tives of the colleges of the grades into which these different lines of 
. work would fall. , \ 

Mr. Allen. ( Reads from, schedule.) (See extract from report of 
Congressional -Reclassification Committee, p. 59.) 

Chairman. The'district engineers would fall into the second class. 
Does that give any indication of the relative responsibility these 
engineers would carry? 

Prof. HroiiES. If the ’salaries in general available throughout the. . 
country for highway engineers were raised to such a standard as 
that} a large number of men would be available. There still remains 
in my mind what I have noticed in the minds of the students. 1 When 
they have reached that grade (here te nothing left to them except 
a commissioner’s job. They don’t feel that they lmve the future that 
a big industry offers. ; * 

Chairman. It was that statement that made me desire to bring out 
this point. As a matter of fact the engineers in the departments to- 
day are the men who are doing the executive work. T)ie commis^ 
sioners^n many cascs«ArQ,. acting more as an advisory or directory 
board rather than ns an executive board. . 

Prof. Hughes? I mean by commissioner a director. 

Chairman. I think you will frfkl.tn the duties of the two higher 
grades, and possibly the three higher grades, specific directory charge 
over others. The* men in these grades have supervisory charge in re- 
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sponsible positions. You will see that a number of existing posi- 
tions would fall into one of these 'grades, either 1, 2, or 3. 

/ Ir uoxiEB. When it is realized that the big’industries would 
._/ absorb graduates into positions that would pay as large salaries, the 

opportunity does not apjieal to those ambitious men. 

Prof. Hatt. I think Prof. Huglits has struck the keynote liere. 
I have noticed for a number of years that students have been discon- 
tented with purely technical work. A sales engineer gets $7,000 or’ 
$8,00/) a year, and so students are seeking entrance to the industries 
' rather than to purHy technical positions. 

Prof. Tiuihn. I do not think that-that question ought to lx- put- 
scdoly on a compensation basis. Interest, in the work is a very large 
factor. Of course a man, must have a certain minimum salary. He 
wants to have a reasonable outlook for the future.' but if it was only 

, ni "' U 7 , h , c "' as 1,,okin S for «ur graduates would all go into plumbin'- 
or bricklaying. * 

Chairman. I think you are right in that matter. Prof. Tilden. that 
the compensation can not be pecuniary entirely, but it jftl] h:r\e to be 
sufficient so that a man can support himself and his family com- 
fortably.- After that, is not the big problem to set up ideals of public 
. service that will draw men into these positions? Is hot that the hi- 
problem before this conference, trying to set up the ideals of public 
serv.ee that will attract men and change the. public sentiment that 
apparently is all directed against the public service. In some coun- 
tries ff man can belong to governmental and State service and walk 
right up the street. In this country apparentlv it is nccssarv to take 
• to the alleys or by-roads. It ought to be permanent service and on 
a graduated basis. 

* (C) EDUCATION FOR HIGHWAY ENGINEERS. 

Chairman. While the committee' on program has outlined our 
work to cover the technical requirements here. I nm not sure that that 
JS ,l,e b, ff question. The third topic-Education for highway er.-i- 
- noers — will be opened by Air. Ferris. 

Mr. Ferris. I believe most of us agree that there has been a tend- 
ency too far in specialization. • * * Highway transport work 

is also new to us except in a few institutions, and with a few excep- 
tions \ve are quite at sea. I can not pretend to answer any of the 
questions set out. I am very anxious to know what tlie decision of 
this conference may be. • * . V - 

If I have anything of real value to offer to you gentlemen, it is 
based on a little Experience of our own. My message isin the interest 

the man whoAs not working for a college degree at all. You can 
not run an army without. a large number of. noncommissioned officers, 
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and }on can not build highways without a lot of noncommissioned 
men. You spoke* this morning,. Mr. Chairman, on the immediate need 
of men to t.o our work. Wc can not wait four years. In Tennessee 
we have adopted the following plan which grew out^f our short 
courses of two or three days, or four or -five days. 

Our short course is a slack-season course. You generally hear sim- 
fcslcd that highway engineers are taken off the pay rolls in January 
and I ehruary, the slack, jnoiiths. If not taken off the employer is 
glair to find them willing to leave the pay rolls, so we have estab- 
lished a winter short course of six weeks. We undertake to draw into 
that cour.-e, not the college-trained man, but the man of experience 
, who is doing* the work. As Mr. MacDonald said this morning, they 
1 do put the thing dvoo:. We .are not willing to throw out of employ- 
mem the man nmv building highways, but would like to make him 
a better highway builder. The short course has done much along 
that line. We give these men work in the laboratory, in the drafting 
room, in mat hematics,. in the dse of instruments, adjusting and care 
of in-tiuments, and a strong course of lectures in highwawengineer- 
ijig and highway construction. We give elementary courses in me- 
chanics. Wc do not require them to take them. They have some 
solc' t ion. The course has helped the counties and the highway de- 
partment to get better men. 

Chairman.- This topic will l>e discussed further by' Prof. Tilden. ' 

Prof. Tilden. This question, Mr. Chairman, is really one of con- 
struction along lines in which I have been particularly interested and 
in which most of us in educational work are most vitally interested, 
new, namely, the construction of the college curriculum. This is one 
of the largest construction problems before engineers now. In trying 
to find sonic definite solution, it has been borne in*on me that we have 
been building college curricula heretofore only in two dimensions. 
We have so many hours per week on one dimension and have so many 
weeks. 15 in a term, or four years in the other dimension ; and in that 
plan, bounded by those two linear dimensions, we have a certain topic 
or a certain field. The most important part, the most vital factor in - 
edm ationijl value, in any course of study is in the third dimension, the - 
dimension that builds it up, -which could he represented, perhaps, 
more by the intangible factor, or the' less precise and definite factor, \ 
of the personality of the teacher and the inspiration he is able to give 
Ins students, secured by a teacher of intellectual training and leader- 
ship. So that when wc come to discuss how much highway trilnsi>ort 
work should lie given to an undergraduate, or the length of the iinder- 
.grndijate course, those are questions which afe concerned in the two\ 
dimensional aspects of the case. To use a rather extreme instance, I* , 
Relieve that a man would be better fitted to build bridges, or at least 
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to learn how to build bridges, or to build highways or to handle an 
executive job of any kind, if he had bad a three-hour-a-week course in 
( i reek \md,er u^ium like (jildersleeve than lie would if lie had hada 
* more specialized course under a man who had not the inifdration and 
power to bring out the intellectual side as a real teacher has. I do not 
, "'ant to answer this question, Mr. Chairman, except in that wav. 

Therefore, how much highway tran>port work should be given t'. ' 
an undergraduate depends on bow much real inspiration the teacher 
can develop in the students. That is tin* mum thing, and it is th, 
tiling we are far too apt to neglect. It becomes a very important 
question just now,^whcn we arc having so much trouble in getting 
teachers who aoMible to handle any of our courses. I should like i. 
leave the question with just that one idea anti give the rest of un- 
tune to those who will discuss it.' 

Mr. Hoyt. I believe the needs of highway work and *the work on 
whicl? I am engaged— hydraulic*, work— arc bettor tilled hv a man 
who lmd a good fundamental education without any specialization. 

. the end of six months wc can give a man more training than he 
can got in two years in college training. The fashions in high wav 
building or other engineering work change about as fast ns fashion, 
/ in women’s styles. 

Prof. Matt. One eminent teacher used to say tlmt a college curricu- 
lum could not be standardized, because it was determined by the jwr 
sonality and training of the particular professors on the staff. In 
his view, which agrees with Prof. Tilden’s view, a course was a vehi- 
* cle by which a general end was attained. I think that this view x 
rather extreme. . , 

Col. Ritchie. I think the keynote hns been struck. Take high 
way engineerin'!. From the military standpoint, it js my opinion 
that it would be better to. have a man take four-oars of a real engi- 
neering educational course than a course in liighwuy/engineering. 

\ If ll « to specialize' all right. Specialists <Jo not have much of 

\ n Pj? c e in the Army outside of Ordnance or Signal Corps. A man 
\niay Ik? building a bridge to-day, a warehouse to-morrow-, or n.sea wall 
Wxt week, and when he gets in the zone of action he may be repair- > 
i)ur shell holes to-day and building wire entanglements to-morrow. 
So that. the field for specialists in military work is very limited. 

There is one point 1 have noticed in the last 20 years of my ex- 
perience, and that is that very few engineers have been taught eco- 
nomics, statistics, cost accounting, *^I think that overv course 
should take this into' consideration in connection with the develop- 
tnent of the engineer. . bo far as highway transport is Concerned, out- 
side of- maintenance, which requires mechanical ability, it. is largely 
one of business administration, and also a knowledge of accounting, 
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being able to make traffic surveys, and How to dispatch vehicles. I 
think it is largely one of business education rather than of technical 
education. 

Mr. 'MacDonald. Has it been your observation, Col. Ritchie, that 
men with engineering training did better in the transport work than 
men without that training? 

Col. Ritchie. Absolutely. A man who is technically trained .fits 
more readily into any niche* regardless of where he is, than a man who 
is not so trained. 


, Mr. Sargent. It was my observation that all engineers, taken as a 
group, have not had a broad enough training ir> the fundamentals — 

I d<> not mean fundamentals of engineering, but the fundamentals the- 
colonel spoke of, economics, business training, and the social side of 
engineering* that is to say, it has been my observation that they do 
not have the a proper conception of the problem as a whole. Their 
vision is too limited, is Ihhiih! iip and down by technical limitations. 

Mr. MacDonald. Do you have difficulty, Mr. Sargent, in picking 
out a man to send into different parts of the State to talk before the 
people when yoU have a difficult situation to be met? < 

Mr. SaroknY. I can’t find them ; I can’t do it rnyself. 

Prof. II att. What the college does is to train men. The college 
-student gets training, while tfte man in the field gets experience. The 
aim of this training is a rriind that w,ill think clearly and straight, 
which can quickly .comprehend complicated situation$*«nd analyze 
, them to their elements, which assembles well-determined facts before 
drawing conclusions The atmosphere indicates ideals also. * * 

Now, this training may best be secured, as far as it is possible to 
train* individuals, wten the student is interested in a subject that is 
related to something \ie expects to do in Jatcr life. There is, I think, 
a misconception concerning “specialization.” Like “technical” and 
“abstract,” if*fi\ay connote unfortunate tendencies in education. 

With us a “special course,” in the senior year, presents a situation 
in which a small group of men come into intimate contact with a pro- 
fessor who knows his subject theoretically and practically, then learn 
its setting, go with him to the library, study broadly and deeply. Is 
this not a proper vehicle for training, regardless of the subsequent 
employment of the student? * ^ 

T\\q engineering professors are moving away from the rather nar- 
row and technical treatment of topics; they dgmand less “‘rivet.spac- . 
in^” from students. We are introducing more of economics, businesp/ 
law, corporate organization, finance, public speaking, etc. Business 
law obtains an excellent reaction from the student. It isgrealiy a * 
humanizing study. ' 
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Of course, in a desire to develop general mentality wc must not 
forget we are training engineers with good habits, that demand formal 
patterns in field notes, laboratory exercises,- reports, and drawings. 
Pure ability will not go far in engineering without these handmaids 
of performance. r I here is a danger of loss-in our new emphasis- on 
general mentality. As to another .phase of so-called specialized (in- 
struction, my information is that there is but little migration of civil 
engineering graduates to purely mechanical or electrical fields or- 
vice versa, after graduation. The few that so migrate will not 'deter- 
mine questions of curricula. The large migration is into business, 
in hanking, for which a civil engineering course is a very good prepa- 
ration. 

A course in roads and pavements extending throughout one year is, 
in my opinion, a fundamental course in civil engineering curricula 
and may he taught broadly. Every State needs men trained in the 
fundamental principles of building and maintenance., We have 
passed the pioneer days, and such courses should not be limited to a 
few centers. With the assistance 6f lecturers from the field of prac- 
tice, which from the standpoint of training of students should be 
quite limited in amount, a technical school in each State should be 
able to conduct such courses. 

Mr. Peoo. I have just passed through the painful expedience as 
chairman of the committee revising our engineering course. One 
group wants the course so broad as to crowd outTrlUfchnical subjects, 
another group wants a particular technical specialty allowed so much 
time that general education would suffer. 

In a four-year technical course, I do not sec whcrcThere is room for 
both a general education and thorough Technical training. It mins 
to rife if the engineering colleges can come to the same custom that 
the other professional schools have — law and medical — we ean'rnuvhe 




get somewhere. Inn medical school they do not attempt to give any 
general education, but they expect their men to have a gefteral college 
! cducatiofi liefore they come to their professional course. It seems to 
me the engineers will have to do the same thing. Everyone knows 
the engineer has to have a general knowledge of English. It takes 
three years to get that. I suppose that instruction should be given in 
a modern language, which most pt the technical schools provide. 
That will also take two years after high school. There is mentioned 
business law, .economics, social science. Now by the time the .stu- 
dent has had. training in all these he has taken up. four years and there 
is not time for special training. , 

.We must divide the work. Let the liberal arts colleges give the gen- 
eral education and the technical schools the technical edjpation. 

Another point is that njnirely technical school can hot usually 
afford to have the yerV highest grade of men for the general subjects. 
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Of course the technical schools supplying the good grade of tech- . 
nical men.* W 

As to a general education, so far as the technical school can give 
it, I suppose what we want ip the end is to build up a man on the 
fundamentals of mathematics, economics, etc., with ability to apply 
these to any line of work. Certainly he gets as good a training in 
mat hematics by studying such a subjyt as bridge design as„he would 
by going on for a Jong time in pure mathematics. A good deal of 
his economics can be gotten about thoroughly in a good course of 
highway or railroad economics. So that a great deal of that general 
Hass of knowledge he should he ablt> to;gct in a technical school course 
if properly taught? 

As far as a specialization is concerned, he should not begin the 
specialization »too early. If a man is allowed in his fourth year to 
put more of his time on one of the different branches of civil engi- 
neering (Structural,, railway, highway, or sanitary), he practically 
takes that specialty, and if he is interested will get more out of it. 
The general training is practically as good in one as the other^so* 
that even supposing a man put the bulk of his time on highway* work 
and later went into a sanitary concern his time would not have. been 
'wasted. He would get the training in methods of study and of 
obtaining information on a given subject, and that would be as 
useful in one branch as the other. So I like the idea of allowing a 
man in his’last year to specialize considerably on the branch he is 
interested in, even allowing for the fact that a great many men will 
n'ot stay in that branch they have specialized in. 

Mr. MacDonald. Are there any other discussions on this same 
subject — “Kducation for highway engineers” — op* any other sug- 
gestions? ' ' ^ 

Mr. James. If the committee docs report on specialization in high- 
way work, there arc certain details, certainly from the standpoint 
of the' Bureau of Public Roads, that are not^ touched on* at all in a ^ 
specialized course that should be touched on. Methods of.surveying 
that apply to rnilroad/work are used in a general way for highway 
work. For instance^ollegc men seem to know nothing about “ back- 
ing down a hill.” Our highway surveyors will back down a hill 
to get a lipe. Men come out of college knowing nothing about the ‘ 
interpretation of teste, especially in bituminous wort* All they 
know is whether the material con-forms to the specification or not. 

If there arc wide ranges in the possible mix, and the mix is running- 
close to the niaximum\i>r minimum range, they do not know where, 
to put their bitumen. In grading concrete aggregates the methods 
now- used and the shortage of materials require refinenici&af we are 
going to use a lot of material which we really ought nofetoMiscard 
‘We ge£ men out of colleges who do not knofr thei firstHfcng about /; 
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those things. It seems there are a lot of details in specialized courses 
that should be worked out, and inen should be filled a.s full of those 
things as they can lie. 

Mr. MacDonald. In my judgment you are mixing things up for 
these educators and- have really brought out 'two rather different 
lines of study. Surveying, which is fundamental in the engineering 
course, was founded, of course, in railroad methods, and highway 
engineerihg has suffered because railroad engineering was the first 
rtigi nee ring discovered. In fact, we all tried to use railroad eniri- 
neering on highways. I do not know anything'tlmt suffered more 
than highway bridges because they followed railroad bridges. Now, 
surveying is a ratlier fundamental tiling in civil engineering, Vhat 
is not what you call a specialized course. 

Mr. James. \\ hen they come to specializing in the ’highway engi- 
neering course those conditions should l>e brought out. 

Mr. MacDonald. \\ hat we want them to do is to teach survevmg ' 
and not teach railroad surveying. When we come to those other 
points, the analysis of bituminous materials, etc., that comes 'into 
another field somewhat more highly specialized. You would not 
consider that a fundamental course ih civil engineering. 

Prof. IIatt. It* is said that the courts - follow public opinion in ^ 
their judgments, and it would seem just as natural that engineering | 
curricula should change with the changes in industrial conditions. 1 
We have cut down the num!>er of hours devoted to railway engineer- 
ing largely in the last few years and are putting more into highway 
engineering. t 


Mr. Hughes. A great many schools.nre teaching some of thf sub- 
^ •> j e( ^s Mr. James' mentioned, not with the idea of railroad engineering 
*■ or surveying alone. ^ 

Prof. Hatt. It is agreed that the graduates must have the funda- 
mentals of general training in mathematics, science, and language, 
and in the foundations of engineering technology, and that they 
should be furnished with some of ,tliQ tools of theiY profession, such 
as drawing and surveying. 

At present a proposal to lengthen the period of training — to give 
more years— seems* impracticable. Speeding the student as he was 
speeded up in training camps, providing a more orderly and.efficieht 
administration of studies to avoid duplication, a diminution of the 
distractions of the college campus, the better use of the Library and 
laboratories, the shortening of vacations, a scientific study of the 
'y ' teaching process — all of these may accomplish the results of the five- 
year course. But the data for judgment upon this question are not 
available. ' 


Ther^ remains the consideration of adjustments of subjects,. The 
older civil engineering curricula provided for tli^three then prevail- 
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ing demands for trained" men in surveying,, railroad engineering, and 
structural engineering. For a period of years the large majority of 
the graduates entered professional service through the railroad main- 
tenance of way or construction corps or through the drifting rooms 
of the structural-steel companies. It is a fair .question to ash; if the 
nun unit of time devoted to the direct preparation fdr these services 
may not he diminished. Surveying has in some cases been trans- 
ferred- to a summer session. 

There was also a period of overstressmg of technical performance 
of licld work, shop drawings, track details, and mechanism. A * 
Miney of present courses in respect to such details may disclose an 
opportunity for a consideration of such subjects in the field of the 
highway engineer such us the technology of bituminous roads. 

^ It is by such means that the courses in economics, business law, 
•spoken English, etc., have been introduced for the purpose of getting 
an engineer for community life and administrative duties. • 

My some of the means suggested^there should be found a place in 
the junior year for a three-hour-a*week ’fours^ in roads, such as pave- 
ments, considered as a fundamental course in civil engineering^ to 
include the bed, the foundation, and the surface of the various classes 
of roads. Such a course should involve the disclosure ami applica- 
tion of the underlying principles. The clement of information that a 
. man properly trained in the use of books can-afterwards secure should 
be minimized./ . 

As to optional or special courses for men in the senior year the fol- 
„ lowing considerations are offered: Such men as graduates are pri- 
marily to be trained to think cleurly^md straight, to analyse com- 
plicated situations to their elements and. to learn the proper methods - 
of work. A valuable vehicle to thi^rifcis an optional study in , high- 
way engineering in the senior year— equally valuable, indeed, with 
sanitary engineering or railroad engineering when a student comes 
vytli interest and a definite purpose. The desired qualities may be 


'highway transportation, taxation, and finance, the relation of the' 
traffic to the roadbed, the organization of administration, and a 
study of systems of production. ' • 

Lectures by specialists from the field of construction and produc- 
tion are avaijable and should be used to the extent where they tfill 
. not interrupt the reaction and work of the student. 

College* may well supplement the academic instruction. by organic 
relations with the highway commission, providing for supervised arid ; 
consecutive summer employment of students, for instruction of mem- v 


"h*. tired with any one study, and are ready for application in any 
field. 


Such an option for three hours a week throughout the senior year 
is recommended to include, aniong<other things, the economics of 
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hers of. the technical staff of these commissions either in part-time 
residence or by extension. 

A further source of increased efficiency of rjoad work is the road 
school or conference held at the university for a week or two in the 
winter season. 

Mr. MacDonald. On No. 3, the education for highway engineers, I 
presume it was the idea of the committee that we should prepare 
a course or suggested course for teaching highway engineers. Fun- 
damentally, the impression that I have received from this after- 
noon’s talk is that, in the first place, there s no agreement upon 
the exact lines that we shall follow in educating engineers, how 
far we shall go to specialize ’courses. In the second place, I 
£ roat l v impressed— impressed as I never have been— by the 
necessity that the highway departments, the organizations usin" 
highway engineers, should conn ct up with the universities and 
colleges 'so that they will both understand the other’s view- 
points and limitations and requirements. Ifpr- instance, there Is a 
greater opportunity in liighway engineering to-day than is evidently 
m the minds of some 0 f (he educators. These salaries of highway 
engineers are temporary. They will be raised. There is an opportun- 
ity for public service that has not been impressed upon the educators. 
I hat has been the fault of the highway departments, I believe. It 
is not my desire to impress my viewpoints bn this committee. I do 
r.ot know whether you have obtained the’same impression that I have 
that there is a rather greater problem before the committee than the’ 
number of hours that should be devoted to any particular subject 
and that is, the coming together, the meeting of,the minds of th* 
educators and the men Who desire to use highway engineers, or the 
highly departments. Is there any othet discussion with' reference 
to this topic 3 that ought to be left with the educators? 

Mr. A. N. Johnson. What can toe done by this committee to get the 
salaries of teachers raised ? It seems to me that part of the work of 
this conference should be to open up channels of publicity that should 
simply put before the people, who have voted millions for roads the 
condition now prevailing-tlmt these universities are broke and. can 
not pay te achers’ salaries, and the public mijst ixiaintain them.* 

The instructor who, during pruwar tim» s, has taught n fmfcialfziwl „ 

k a 
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RELATIONS OF COLLEGES AND HIGHWAY ORGANIZATIONS. 

Mr. MacDonald. The next topic is, “Should there be an attempt 
to secure, as a part of the complete college course, practical experi- 
ence during summer vacations by arrangements with organizations 
doing highway design, construction, and maintenance? ” Mr. John- 
son has consented to discuss this subject. 

Mr. Johnson. It has been generally conceded in engineering work 
that it is desirable for the student, if possible, to find some employ- 
ment in his lint; or prospective line of endeavor' during the vaca- 
tion period. Now, it is a fact that usually at the time he is to re- 
turn to college he leaves at just the time the highway work has 
readied pradHcally the peak, along in September, «ind then it is 
difficult fojfnhe highway organization to get Anyone to fill out the 
seasoh;to take his place. It seerris to me, if it is considered desirable 
that students in engineering colleges, presumably taking highway 
work, should have this summer experience, that it might be found 
expedient to change the time of closing arid opening the schools^ 
that their services might fit in a little more with the season in which 
they would be desirable. That is. if the colleges would close about 
the first of June and would let these men stay out until October, 
they would be of some real value in their work. Is it desirable for 
them to be away from their college work that length of time? I 
think very few college courses would be greatly shortened if the 
Christmas and Easter vacations were eliminated and that timeout 
into the entire summer vacation period, on the assumption, how- 
ever, that the students would be practically obliged tew take up outside 
work and could secure it. - 

* <t 

Mr., Hughes. At the University of Pittsburgh, where they have 
this scheme, they modify the -program for civil engineering by pro- 
viding for three months of study and three months of Avork for«three 
years. At the University of Cincinnati they have a concentrated 
scheme to keep civil engineers occupied in contract and construction 
experience during the time when the opportunities are most available. 

Prof. Hatt. Our difficulty is that the schools of engineering and of 
agriculture want the students out at different times, so that classes 
in departments of common subjects,. such as mathematics and Eng- 
lish, can n<\t operate with a balanced load. 

Mr. ShhjLey. You can riot operate until yo^pt a whole group^f^, 
u< fonts working hv 


students working by themselves. 

- ■ ■ ■ ■ — - ■■ M . 

additional room Is seriously needed. Our Institutions are suffering from ah unforeseen 
expansion while they can not capitalize, to provide funds., cri'l^ the case of the Indus- 
tries, and a condition baa resulted which the pubMc understand and provide for. 
That oOr educational Institutions can not be neglps-ted la a fundamental creed With thor 
greater part of our citizenship, but the preaouKondltlona must be understood and given 
the proper publicity. 
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Mr. Allen. It is, I think, unquestionable that experience in the 
actual design, construction, and maintenance of roads wil] enable the 
student to obtain a 'much better understanding of the principles in. 
volvecf in road work, Practical application of principles is vitally 
necessary in ordei* to fix them firmly in the mind and show their 
use in the solution of problems in highway engineering. For ex- 
ample, I would suggest that the student, during the freshman vaca- 
tion, should spend his time as a member of a road survey party, 
spending some time as a chainman, some time as a rodman, some 
time ns aievolman, and some time as a transitman. lie should obtain* 
experience in recording field notes. During thc/sophornore vacation, 
if the freshman vacation lias been properly spent, J would suggest - 
the time he directed to ollice work on the plotting of survey notesftlic 
'laying of grades, the computation of quantities,- and the prcparat’.on 
of cost estimates. The junior year vacation would seem wiselv spent 
oh construction, getting experience as an instrument man in the stak- 
ing out of work, the inspection of materials and work, and the 
preparation of partial payment estimates, both field and oflicc wi.rk, 

Qh the studqhtV return to cdflege following each vacation,'^ 
should be thoroughly examined in order to ascertain what prog- 
ress he has made during the vacation. The result of such exauii- 
. nations might, well be used as a guide in the handling of the student 
during the subsequent months of college study. It might also be 
used to determine whether further experience along thq lines of 
that had during the vacation just concluded is necessary during the 
vacation the following year, or whether the preliminary 'experience 
is sufficient for the purpose, and the student may be permitted dur- 
ing the following vacation to obtain the more advanced experience. 
•If his experience at the end of the junior >year vacation is found 
to be insufficient, it might be advisable to oblige him to make it up 
following the end o‘f the senior year before fully graduating him. 

This is a very brief outline, but in my opinion it indicates approxi- 
Tnately the course_ which might .well be pursued m supplementing 
the study required during the undergraduate course by practical 
experience during vacation time. 

Is it possible to send young engineers on the staffs 
of highway commissions to, the universities for further study? Tire 
universities might form some organic connection with the commis- 
sions. " 

Mr. MacDonald. For what per^kd? 

<* I* 1 ***!- Hatt. In Indiana, January, bebtuary, and December. 

Mr. James. We are trying to inalRthiem busier then. ** 

• Mr. Sapgent. I think this is a good suggestion, but how far the 
highway departments would be able to put it into operation I am not 
prepared to say. I am positive that in our own department w$ have 


i 

-p 


&■ 

r 


Imtrn ' 


7 


— • 


PROCEEDINGS OF THE HIGHWAY CONFERENCE. 


77 


<1 

worked every man since the end of the last open ses'sion that we found 
ro(5m to work, and mow we have not more than from .one-half to 
twod birds of the work done wh^h we expected to have done at 
this time. I am just speaking from my own point of view. We 
would not have been able at any time last yyar to have laid ofTmen 
for a month or six weeks.* It would have crippled the work we had 
• in mind to do. I think that is true of most of the State highway 
departments which' lulve had this large Federal aid program on 
hand. However, in ordinary times,, when the organization is built 
up and more or less work is going over from one year to another, X 
think it would be possibly to let the younger men go for a period 
of one or two months in the winter at a profit to the whole organi- 
zation, keeping them on the pay roll/ 

.Mr. MacDonald. The next subject is: “Research work for high- 
way engineer undergraduates,” 

Mr. (lOumKck. 7 hat is a subject, that has been discussed by the 
other committee to some extent. I have outlined a proposed scheme 
' f° r research work. In a very general way, I want to say a few' words 
about it. In the first place, any course in coHege should be made for 
the purpose of training the mind of. the student and to give him 
special or general knowledge to enable him to carry on his work in 
later life. Now, research work, I should say, ought to lie conducted 
for the same jnirpOse. In other words, if he conducts research work 
it should be conducted for the purpose of training, not- for the pur- 
pose of 'gathering information which will be of particular value to 
the highway engineering profession. The graduate Student, how- 
ever, can' conduct research Work, perhaps, in a year’s time, and the 
results that he obtains may, perhap^, be of some value. In conduct- 
ing such work, though, it seems to be advisable ths^t it should be 
thoroughly outlined by some central body, such, perhaps, as the engi- 
neering division of the Research Oouncil or, perhaps, a committee 
composed of a number of engineers— State highway ofiiciJfcT Even 
for graduate research Work the researches must be short. Tn other 
words, I do not feel that, in gen oral, graduate research work can be 
conducted onjthe big major problems. Major problems can Tie di- 
vided into certain minor problems, ‘hnd these can he attacked by the 
graduates; 

Prof. II att ; I suppose the <juestion as to whether or not valuable 
research may or may not result" from institutions where graduate 
students are not in residence is to he settled on the basis of experience.’ 
.Certainly it can not be denied, for. instance, that the earlier re- 
searches from the University of IIJinois were <j>f great value, and 
these, were successful because inspired and directed by Prof. Talbot. 
working 4 with seniorstimcnts, who afterwards, became very produc 
the research workers. We should hot create a hierarchy 0 f research. 
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By all means create an atmosphere of research in college laboratories 
where graduate schools da not exist. 

4 tliink„the4pirit of -research could be stimulated if the National 
u lfesearch t'oJtcil, or this governing commjttee, would draw up a 
^comprehensive program, rind let thp ‘student understand that In* is 
making the researches as a part of the big national program,. Nov. 
those results do not have to be accepted, but it is barely possible that 
some of the 'research work conducted would be of value, in which 
case it could be accepted, but the very fact that the students kimvr 
that they working on it big, comprehensive program^ would be a 

stimulus fqjjrtm. " 

. * *' 

POSTGRADUATE COURSE. . 

Mr.. M acDonald. This topic is properly followed by the “Post- 
graduate course.” Prof. Agg is not here, and I shall* call for a volun- 
teer. Dr. PI ewes, you have given the subject considerable thought. 
IX) yOu wish to open the, discussion? * 

Dr. IIewes. Mr. Chairman, how much have? you agreed should be 
given the undergraduates ? All research work done by students 
musCcome in the graduate course, and it would seem that the trend 

- of opinion is that Jthe research work done, even by the graduate 
* students, should be £mitbd, at least in our expectation of results 

- from it; to the operations t)f an assistant. Now, as to the content 
* • of the curriculum, if we -provide a course in rolling stock in the 
^ graduate years, that is to say, in the economics of automotive trans- 
^ -port* inctudin* the relationship between public expenditure *$ul 

*q4k i stion of how much the public is going to receive from its in- 
vestment, in highways, that would presuppose, po^ityy, that the usfiaP 
yOty* course in 1 economics b<? .followed- by another in taxation or 
interest. , It seeing to me, also, that the question of administration 
is one that, might better be Studied in a graduate course. That is; 
what are- the fuifct ions of the administrator which -the highway ' 
engineer stoufd*pcrfprtp,'or to*what degree should he extend his 
functions as an engineer into the -functions of a public official— 
what shoulcl.be his relationship to the. public? Questions of that 
sort ntftti ra ! ly. will fall on more fertile ground in the graduate than 
:in the undergraduate pars,. ^ 

, ^ It Has been said that \ic do not know what kind of road to build. 

^ A certain amount * of investigative work woujd naturally fall in the 
graduate ;$»urse. Itfiink/ possibly, we could l§arp from*the won* 
^k^f r ^extuij()le^ "of the sc^pol of.Ponts et ClmUssces, in Fratee. It , 
advisable to navP some one thoroughly investigate *and 
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ing mathomatics at the time the student ought to begin to use it, 
and he should, therefore, be given some advanced mathematics, 
.assuming ihat a graduate course /would be two years. Doubtless 
\vc should give a graduate course W^ffTTsTry^hemistry in hydro- 
carbons andvjn certieht. How much more 'descript rive and cultural 
'vo He should go along with it I am not prepared to s6y. All through 
the>o graduate years there should be a coordinate course ii> English 
composition, to dc\olop the capacity of men to report on subjects 
'in intelligible 'English. If they have to appear before a board of 
commissioners, they will be able to present the engineering features 
in i heir report in an effective way and getitfvay from the- slide-rule 
attitude, 

- » 
RESOLUTIONS OF THE COMMITTEE ON HIGHWAY, ENGINEERING- 


Xcrj for highway engineers— The moneys at present available 
fur highway construction under engineering control total approxi- 
mately sSO(l,OiK) ; rM(). The Engineering staff needed, for t'liis control- 
will require, an annual supply of 900 col lege-t rained civil engineers, 
in addition to the highway engineers employed by the counties and 
otlnTinimicipal divisions. 

The mpply of highway engineers.— The civil engineering- schools 
will graduate probably not more than 1,100 students three years from 
now. This quota is competed for by the railroads, construction 
companies, and the industries, and by the county and municipal 
organizations. Probably not more than 300 would b<; normally 
available unden the inlluences operating at present to fill this quota 
of'OOO. • . * 


M'etiiut of increasing the supply. — The' attention of the colleges fs 
called to the importance of higlhvay transportation,. and th* service 
they t can render in training men to direct the expenditure of public 
money derived frorii taxation on roads that will carry the traffic 
of to-day and to morrow. - ’ 

The professors of civil engineering arc. urged to direct the at- 
tention of their students to. this field of stabilized professional serv- 
ice and to inculcate ideals of public service ns opposed to private 
gain. \ sense of the high calling of the civil engineer in profes- 
sional serviceViC^ds stressing at the present time. 

In order* that -the colleges may provide facilities and at trained 
statT* for instruction and research in highway engineering, more 
ample funds -must bo provided from private sources, from cooper- 
ative efforts with industries,. and from taxation. At present the 
college are staggering underpin, uttexp^fed ' load, and are tinder 
ejiierg^ncy cogditiohs. . •*' 
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Federal and State commissions should provide the salaries ade- 
ff llate to secure recruits for and retain the staff of our Federal and 
State highway organizations. Such salaries should be large enough 
. to free the professional staff from tlitr-ecohoftiic pressure of the in- 
•dustries. in which' responsibilities less kuvy ibid demanding less 
2>reparation are more amply remunerated/ 

Cooperation of colleges and highway commissions. — As a mean* 
of increasing the number of trained men available for the staff or- 
ganizations of highway commissions and the Federal services, it 
is recommended that plans of cooperation be secured between' the 
colleges and thpsTe* organizations to provide for summer employ, 
.merit of stui i«jj 4 je which shall "be related to the oollege instruction, 
and for furtll^Sludjy by college graduates on tfyc staff of the com 
mission, eithejyhrough part-time residence at the college or by ex- 
tension classes operated by the colleges with the assistance of the 
executi ves of the coni mission. * * 

A centralized body should supply, information to the colleges of 
the opportunities and openings for engineering graduates in highway 
engineering. > ^ 

The short courses, given by the colleges, to road officials of the 
county, are commended as a very fruitful source of. inspiration and 
instruction leAding to better road building and maintenance. In all 
. this work the element of inspi ration and of sense of responsibility 
, shbuld not be minimized. * ~ . 

Coyree 'af instruction.-r-l he, highway engineer deals with the 
public, and with the broad issues of State and national affairs. lie 
., needs a training in the fugflamentals as related to modern life. He 
• must .also be an engineer trained to high technical standards, and in 
the method of work of the scientist. Therefore, the subjects of Kng- 
.dish, economics, science, and business relations.,arc important. Train- 
ing in technic should be thorough and severe. Highway-engineering 
subjects supply an excellent means of training in the several .cle- 
. ments . mentioned. , .A course in roads and pavements, extending 
throughout one year, is cortsideretfa fundamental subject in the cTvil- 
.. engineering curriculu^ A special optionjj course, in th^senior 
. presents a sitm^^i where the student is interested;' becomes * 
• motivated, has intimatc contact with the professor, who. is a compe- 
tent practitioner.as well . as a teacher, and h as^an opportunity for 
libraiy research apd individual expression. 8uch.sj^cikli2atioh is 
'highly, educative, and the ordinary objections to>so-called specinliza^' 
p ; tion do not obtain. The changing industrial and etf^mic conditions'^ 
^p^aril^ reflet^d^ii college currictda. , the diminishing .drift' 

fop r til Karov on rri-n onm am ^ c' >* **'-'* i i < 
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Research . — It is a .matter of common knowledge tfiht research 
workers receive an impulse ,to research and learn the methods and 
stum lards of research from .a professor while undergraduates in col- 
lege. When working under direction, results of value to industry are 
secured by these students. When research is planned and coordinated 
after several years, the results are substantial. The extent of the un- 
explored field of research in the^ design of pavements anil in the 
properties of materials of construction as related to service enndi- 
tiniis. combi net 1 with necessity of throwing early light upon these, 
problems, colls for a mobilization of all the resources of the testing 
laboratories in equipment, research teachers, and student workers, 
and for an appropriation of some .portion of construction' funds to 
provide- support for this research. 

W. K. If att, Secretary, 

Head of the School of Civil Engineering, 

% . Purdue University, 

. * Hector J. Hughes, Associate, * 

. Professor of Civil Engineering, 

Harvard U n i versify. 

C. J. Tii,dkn, Associate, 

'Professor of Engineering Mechanics , 

Yale University . 

— 21-^6 - 
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* * ' •• ♦ * 

W|nt number of men is it estimated will be required by the automotive In- 
dustries in the following fields in" the next five years and, in a general wuy f 
’,\vhut, should be their different educational requirements? 

(« Automotive engineers in research nnd design work. 

(ft) Sales engineers, 

(c) Advertising, business ndminlsf^moh, and office work. 

(d) Motor-truck fleet managers. * * 

(c) Shop foremen, sklifetf mechanics Tand inspectors. * * 

(() Highway truns|M>rt engineers in highway departments. 

flow many colleges should undertake this wprk*? 

How much highway engineering should be included In the highway trans- 
portation course? , 

How ninny years of study and how many hours per year should be given in 
these courses? ' > 

Should tills work for the mature men be undertaken In special advanced 
courses outside of the usual university courses? 

How much training Is necessary In Uie voeatldnql field? Should the Industry 
undertake to train these men urldiould the woYk devolve upon autoulobiltf 
pciioois? » 

Hlfch-sfchoQl education^ , - * 

Resolutions or re port s umming Ttfr lhg viewpoint of the committee on i&ese 
sublccta. ^ * * 
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84 Education fob highway engiHeertno. 1 

Report of Proceedings of the Conference Committee. 

Chairman: Ahtju r H. J5i.anciiard. 4 

(DIGEST OK DISCI SSIONS ON THE TOPICS INCLUDED IN THE 

PROGRAM. 

1. What number is it estimated will he require) l>y tin 1 indust rv in 
tlie following Uriels in the next five years and, in a general way, what 
should, lie their different educational requirements? 

(ff) A'utitn, nth-c m.jinrcrs in nsr.in-Ji and tlpi.jn work.— Rase. I 
an estimated annual production of :tO<l.no<>,iiintvr trucks a fid l'.im lo.iim 
touring ears, the. general consensus of opinion was to the elfr.-t that 
l.ooo automotive engineers for research .and 'design work should be 
graduated each year by universities and that th<>se men slum Id be 
tiained through the medium of four years’ mechanical engineering 
courses which include automotive engineering options. 

(/}) Sofnv nnjinern t— It is conservatively estimated that 3.000 men 
should he trained each year ns sales engineers. It was pointed out 
that men in this field should sell transportation ns well as trucks. It 

was not considered that undergraduate college training was 

sarv hut that it. was dcfirahle. In order to acquire knowledge of 
highway transport these men should he trnined through the medium 
of-shortperiod advanced courses in iiniversities-spccializing in. this 
subject. 

(c) Advertizing ^ fats hies* administration ^ and office The 

opinion was advanced that not less than 200 advertisers should |, P 
trained each year along the lines advocated “tor sales engineers. 
Severn! officials of motor vehicle companies expressed the opiltlon 
that, men who will occupy executive and administrative positions 
’should bo broadly trained college graduates whodiad specialized in 
economics, business^ administration, and similar subjects, and who < 
had later taken graduate short- period courses in highway transport. 
For routine .offico work it is considered that a high-school training 
followeu by special training in commercial schools would provide a 
satisfactory education** equipment. 

(<l) Mo(or-tiyck -jhet Wum/cr*.— It is conservatively estimated * 
that 1,000 nien per year should he trained for these positions. Ihir 
ing. tbe next five years. at least 00 per cent of this number sliould I* 
trained ira universities through the medium of short-perjod advanced 
courses, in highway transport. While from 50 to 100 rnenj.er year 
Should be tfsfined by attending four-yealr highway transportation 
engineering Courses. ' . , v 

'&) ^of-mrk 67>ernf»r*.-TU- development In the utilization of 
mdtor trucks and 'available irtatfjdb«Nv«s.thc basis thrconscW’ 
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the estimate that 200,000 operators should ^ trained each year in 
plants, vocational and automobile scf^rols. * : 

(r/Y Hit/ h way transport engineers 4n hiyhivay departments. — It is 
recommended that enginetrs for these positions should have had 
training in the field of highway engineering, and should take short- 
, Period courses in highway transport. It is estimated that 175 per 
year "'ill he needed for positions in State, county, and municipal 
high w ay departments. ^ 

2. I low •many colleges should undertake this work? It was the 
oHjseiiMis of opinion that 10 universities? located in different geo- 
graphical se lions of the United States, should offer short-period 
;nl\;mrrd courses in highway transport, and four-year course's in 
highway transport engineering or highway transport options in four-. 
w-ar*ol!cgiate or technical courses. 

3. 1 low Tn licit highway .engineering should he included in the high* 
way transportation course? Jt was generally agreed that not less 
than 30 lecture hours* should he devoted to the fundamentals of high-, 
way engineering for men specialising in highway transport. 

h I low many years of study and how many hours per year should 
W given in these courses? It is conservatively estimated that men 
specializing in highway transport should devote the equivalent of 
utie collegiate year to wprk in this field. 

5. jrdiould this work for mature men. he undertaken in special hd- 
yanced courses outside of the usual university courses? The am*wer 
to this question was unanimously aflirnuitive. It w^^ointeGEit “ 
* 1’V several representatives oflhc industry that tho^Mvcnuty of ' 
Michigan's plan of offering a series of two- week courses during the 
winter meets the Remand for shArt'pe^iod advqnged courses in high- 
way transport. * [ 

G. How much training is necessary in* the ‘voehtiona! field ? Should 
the industry undertake to train men or .should the work devolve upon 
autonjohile schools? ^ I hose who had* had experience in this held of 
educational work stated that # 35 hours per wqpk for four to* six 
' months was •'required for trainitt^ih this vocational field. It was 
recommended that industry and vocational schools sjmuld work oyt 
an effective an<l cooperative -educational plan. 

7 .., High -school education. It . was the consensu? of opinion ihfft 
fnpils in grammar and hfgh schools should be tanght traffic regula- 
tions and the fundamentals of highway transportation as it tJ&ecta..- 
daily r life, . * % 


c, "V ‘ * ; 
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HIGHWAY TRANSPORTATION ENGINEERING CURRICULA, 

Discussion by Aiumn H. Blanch \rh, professor of blphwny en^lnecrlm: and 
highway transport, University of Mlrhigan. and president National Iligliwuy 
Traflic AssiK'iat Ion. 


In the opinion of some, highway transport may not be Considered a> 
belonging both to the fiehl of technical training and education. On 
sober thought, .however, it wi^ he seen that tliis branch of knowledge 
tiijjes welj within the class/ definition of engineering embodied in 
theroyai charter of the lust it tit ion ,of Civil Engineers af (I real 
Britain, which, in part, is rfs fWlows: “ The art of directing l)\v great 
.sources of power immature for the use and convenience of man a> the 
means of production and of traflic in states, botU f<>r the external ami 
internal trlidef’ * 

Before discussing the subjects which should ho included in a 
technical course for highway transport engineers, a brief resume of 
tlie development of motor transport, and highway improvement in 
England and the United States wilji be presented in order to give 
some indication of the possible demand fortnen trained in highway 
transport. engineering.. 

In England, the improvement of the main county roads preceded 
'the development of highway trans|>orL When transportation of 
heavy lomls of eommodities oyer Jiiglnviiys was inaugurated priorto 
1800, England did not have to w:pt for the construction of highway 
systems, with the result that rapid growth of highway transport took 
place. As early as 1MU, 1' letdier, an English author, in*writing on' 
“Transportation on- common toads,” considered some (ft the classes* 
of highway transport now ulider discussion in the United States and* 
cited many instances of conflict between highway 'authorities nod 
highway, transport interests regarding some of the fundamentals of 
highway design. The writer, while investigating highway transport 
in ''England in l!f00 and 1910, encountered tlie same problems u’ith 
reference to highway transportation and legislation that exist in 
this country to-day. Pratt, in 1912, in his thyitment-of the subject 
of inland transport in England, *presAted many of the phases of the 
problem now confronting us with reference to what he called “ Back 
to the land movement.” It is evident that a thorough study of Eng- 
lish highway transport methods and legislation would be of material 
benefit to American engineers and traffic mnnagers who are striving 
to - develop efficient, higlnyay -transportatiorf; 
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outside of municipalities, in 1919 not less than in use iir 

the United States, motor trucks constituting /from 10 to 20 per cent 
of the registered motor vehicle? in the several States. Highway 
improvement has not kept pace with the increase in the utilization # 
of motor vehicles. 1 he fundamental basic axiom that economic 
highway transport is impossible without good roads should he 
fully recognized, A review o j the present status of highway im- 
provement in the United States indicates that there are about 
miles of rural highways; that 12 per cent are classified as 
unproved; and that al>out one -^fourth of 1 per cent are suitable for 
mink highway motor-truck traflie, Highway condition# will be itia- 
■ ferial ly improved, during the next decade, as is indicated by the 
\ appn 'print ionsyf about onebilliton dollars for highway improvement 
i mill the, widespread demand f|r>r the construction of a system of 
;. 0 ,on 0 miles of national highways by thc,FederaLGovci*nment under 
the direction of a national highway c< >m mission. ^ * 

The breadth of training for highway transport engineers s|ipn)d 
he far more* comprehensive than has been considered necessary for 
many technical branches. Breadth of knowledge is essential from 
a utilitarian viewpoint, as the highway transport engineer nhist, in 
many fields, deal with social and economic conditions, and mii^t 
.always have before him the fundamentals of sound business methods. 

Comprehensive Courses in highway transport engineering should 
include the following business' and engineering subjects, in addition 
to the usual fundamental humanistic and pure 1 anti appli’ed science 
courses contained in an engineering curriculum: Public speaking, 
elcnjyntarv economies, social science, public utilities, commercial- 
geography, agricultural economies, busin&^bntract and transpor- 
tation law, industrial management, businSs^ organization and ad- 
ministration, salesmanship, money and credit, cost accounting, 
insurance, history' and economics of commerce, marketing and' 
distributing systems, markets and prices, economics of railroad * 
transportation, shopwork in \yood and metal, machine fitments, 
mechanics of machinery, fundamentals of gas and other engines, and 
electrical engineering,* including Ignition, starting, and lighting. 

» The highway transport engineer or manager also should have 
knowledge of all* of the following special subjects: American and 
English highway transport methods; American and English highway * 
‘traffic* legislation and regulations; mtemlationship of highway, 
railway, and waterway transport; highway t ransport Mpveys p high- 
ly transport management; cost$ and Word syst^ms^ funflii mehuk . 

highway ^gineering affect£rtg ; anil \ 

Tra han ism, operation, && id maidtentoce dt Motor trucks, tractors, 
,wd trailers. * / * , , ^ 
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Highway thpnsport engineering courses may he offered by technical 
, institutions by* utilizing several educational agencies. 

4 J'irst, the courses may constitute a. fourth year option in the civil, 
mechanical, or, general collegiate curriculum. A review of the 
curricula of the three engineering courses mentioned indicates that 12 
semester hours may be assigned in the fourth year to highway 
transport engineering without eliminating any fundamental engi- 
fleering courses. 

Second, a complete highway transport engineering curriculum 
may be arranged similar to the curricula of civil, mechanical, and 
electrical engineering courses. Such a course should include all of 
the humanistic, pure and applied science, business, engineering, and 
special courses previously enumerated/ Jn this connection it should 
be pointed out that a four-year course devoted to highway transport 
engineering and highway engineering would provide an admirable 
foundation for men entering either field of engineering. IJroadlv 
trained highway engineers should have, in addition to the truing 
in tlie fundamental humanistic, scientific, and technical courses, a 
# knowledge of highway engineering, of the vehicles using highways, 
and of methods of highway transport.’ 

Third, technical institutions may offer graduate enginceringr 
courses, which should be advanced specialized cojursos designed pri. 

, marily for men who have taken a first degree in arts, science, or engi- 
neering, who have acquired a knowledge of the fundamental prin- 
ciples upon which such advanced courses are base^ and who have 
hud a certain amount of experience in engineering or highwav trans- 
port work. It is evident that such courses should be given under 
\ such conditions that it will be practicable for engineers ami others 
engaged in highway transport to’ tnjee advantage of the opportuni- 
ties offered. \\ hi 1c the usual type of one-term or one-year graduate 
course may prove of vajpe in some institutions, the writer is of the 
, opinion, based on an experience with graduate courses for practicing 
engineers extending over a period of six years, that courses given in 
a concentrated form in short periods constitute the most efficient 
“fnettiofToT Renting the demand ot practicing engineers for advanced 
technical training. * \ # * 

As a definite indication of the demand for sueji courscs^it is of 
: i interest to note -that during a periocj of five years there were 
registrations ih the graduate course in highway engineering at Co- 
lumbia Cniversky, in which all subjects were given in periods of 
from two to three weeks* . As W as amqmvtand character of edu- 
rational 'Watk mre < ourferpccl, tfio. 1$ sh6*t-periQd -ophrses yybich 
|>iTTlously giyeiv Ikilhmjbia th^dhw|ioi^of the 

s for the eftgree pi mjister of scienoe. j 

Columbia requires-that each candiikte fojr*the master’s degree shall I 
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be in residence for one collegiate year or eight months. Candidates 
for the -masters decree in the graduate course in highway engineer- 
ing fulfilled the re<|oircrnent in one of three ways: First, hoboing 
in residence for one collegiate year, or from October fo May, in" 
elusive; second, by hcing»in residence for two winter periods from 
December to March, inclusive: and. third, hv the distribution of 
residence over several years bv l^ing'in attendance for parts of three 

" inter periods. Columbia further requires that fflich candi- 

<hit>: for a higher degree must hold a baccalaureate or engineering 
degree from an a pip roved institution. ° * 

In considering the development of graduate short-period courses, 
it is of interest to note the details of the records for registration for 
i lie. 19,15-rlC session at Columbia. T wen ty ; sc ven American universi- 
ties were represented'by their graduates. I he* 50 men registered as 
graduate students were connected with the following fields of wor.k: 

; Slate hiphuny depart iliei its ‘ $ 

bounty liipliwny jJqiartimMits _ r t 

Municipal lii^liwuy (ltpartiiifiils ^ 

Con*JiiItin« ei i pi liters* oflircs. . ^ 

ri'iitrat^urs* enpimrrinp' oivuuixntinns 31 

University fu«uUifs__ 

* hnpincorliip depart incuts < »f companies inaiui fact urine road 

and pavinp umciiincry 3 * t 

Knpinocrinp, research, and chemical depart menu of com- 
panies manufacturing road and paving liinieflnls-.^t.:... 1 

The widespread interest in this graduate course is shown by the 
following revalue of the localities from which the graduate students 
- ca,ni! at the time of their registration for the 1915-16 session: Don- 
m.irk, New Zealand, Uruguay, Canada, 'Oklahoma, Connecticut, 
Massachusetts, New Jersey,' Pennsylvania, New York, North Caro- 
lina, Texas, Oregon, Maine, Gedcgia, Louisiana, and Nebraska. It 
is of interest, as giving an indication of the character and maturity 
of the graduate students, to ntito that the ages of the men varied from 
22 to, 15 years, and thnt several o-f them, at -the time of entrance 
upon the graduate course, were receiving salaries of $3.000. to $5,000. 

At the I Diversity of Michigan, graduate work in higlfwny engi- 
neering and highway transport, leading to the degree of master 
of science or master of science in engineering, "has been arranged 
especially for men engage^ in the practice of highway engineering 
and highway transport. Eighteen graduate short-period courses ip 
the above subjects will be given during % months ol December, |02O, 
to March, Up, dneiusive,. Each. course wilLeonsist of 80 lec^tres 
^nd will fee giyjcn in * pefipd of |wo ’weeks, and <«JLU fconttif as tr?o 
hoursUredj4 the total p^U fetaufs rM|Uired %|hc jnnste'r’a 

•h*«e, Tliis (fan will afford ! $igfevtay englheers, chemist^ ct?>n- 
iractors, engineer-salesmen, highway tra nsporFenginee r£ and man- 
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agers, motor-truck salesmen, and others interested in highway engi- 
* ncering and highway transport an opportunity to obtain advanced 
knowledge during the season of the year when leaves of absence 
may be easily obtained. These courses are open to graduate stu- 
dents and qualified sj>eml students. As indicative of the scope and 
content of the courses in highway transport, the following descrip- 
tions are given : * 

Highway transport surreys:— Tills course covers f lie subject of tt&fllo classi- 
fication and census, weights, speeds mid dimensions of vehicles, highway factors* 
affecting ecommiiVliighway transport^ investigations of highway routes, irmis 
port legislation ami regulations, rural ami urban transportation opportunities 
and competing curriers, including railways and waterway transport facilities. 

American and English highway traffic legislation and regulations.— 1 t vz\^h\- 
t i on pertaining to weights, dimensions, and sjKwtk; of motor trucks, tractors, 
trailers, and motor buses; franchises for highway transport miftes; rnt»* 
legislation ; national, State, county, township, nnosjufunicipnl laws, licenses. 

' taxes, mid trallie regulations. 

, Interrelationship of highway, •railway arid waterway transport— Develop 
meat of highway, railway, ftnd waterway transportalon ; economic comparison 
of methods of transport of passengers and commodities; characteristics airl 
. J efilclency of ear* type bf transportation ; .Intluenclng factors of distances, 
haulage, rates, kinds of freight, packing, equipment, and port, terminal, nrut 
warehouse facilities. » 

American and English highway transport methods.— History of Amor Iran nn<t 


English highway transportation methods; comparison of horse and motor trans- 
port; municipal haulage, municipal delivery systems, store-door delivery, 
intercity haulage, long ami short haulage outside of cities, rural motor express, 
return-loads bureaus, motor- truck parcel post, plaut und factory haulage, Army 
■ transport methods, horse transportation methods; efficient methods of packing, 
handling, loading, and unloading raw rttid manufactured imfterials, 

.. Highway transport managenunt, costs , and retard systems . — Fundamentals of 
efficient management of the different highway trnnsport methods; ududnistra- 
lion and organization of transportation companies; 'cost and record* systems;" 
elements of cost of operation of motor vehicles, Including direct, overhead, and 
•*lost time charges; relation i»f highway hvopetaiting cost. 

Highway transport seminary— horary-’ research, and preparation and pre- 
sentation of reports, iMijiers, t and briefs. Assigned work on special protdems 
relating, especially to such subjects ns higliway transport economics; interrela* 



transport 


tionship of highway transport, good roads, and -rural development; consumers’ 
organizations; couununlty schools and motor buses; effect' of roadway^ on 
■ vehicles. 

Mechanism , operation and maintenance of molar trucks , tractors , and trail* 

. ; J era.— Eggines, Inelddlng operating t*yfcos, valves and vnlvo timing, carburetloq, 
ignition systems,, oiling sy^gjtpa, cooling,* rating, and charactcryic curves; 
clutches; transmission', and'uriye. shafts; rear nxles and jllfferCMinls; Ifroot 
Ly*a*iea and' steering mechanism;. brakes *nnd springs; engine hurt truck testing 
v^and' perforiiiflnce curve«; tn nnd control ; truck maintenance. g -? 

wishes' to place 

| himself on record os opposed ^to educational institutions offering such 

' f-J 
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courses unless their financial resources are such that they can secure 
specialists to give such courses and provide the necessary laboratory 
and Held equipment. AtXo it should be emphasized that duplication 
o.f specialized courses in institutions located in the same googrnphi- 
• nil sc t ion of the country should be avoided. If this recommen- 
dation were universally adopted, educational resources could be con- 
serve! with resulting economy and material increase in the efliciepey 
of specialized courses. It is Indicted t hat the lygh cost of the neces- 
sities of life, with the resulting drmanfl that salaries of educators be 
materially increased, will force many institutions to seriously review 
their educational programs and to determine the fieldsjn which thev 
can best serve^R'ir communities and most efliciently fulfill their mis- 
sion in the Natioifs*educatU>nal system. , 


j PREPARATION OF MEN FOR SERVICE DEPARTMENTS. 

Discussion tfy H. R. Cooleigii, Secret nr>\ Service IM vision, Naliuual Automobile 
Chamber of Commerce. 


W i tli most articles of trade, once they are sold and pass into the 
hands of the user, the makers and sellers cease* to be concerned. This 
is not true of automobiles. The manufucturer.of a car Ls the creator 
of n responsibility.. Throughout the uscfuljifc of the machine the 
owner is dependent upon the manufacturer directly or through the 
dealer for parts to* replace those that wear out or are broken, /and 
upon the dealer or independent repair shops for overhauls and repair 
tfbrk. This, commonly known as service' therefore constitutes a 
"third branch of the industry,' in addition to the two common to 
i*!™’ lines, manufacture and saltf. You have heard from others the 
needs in the way of education for factory nnd dealer personnel. It 
will be my purpose to set forth/somctluhg of -the need for the edtica- . 
tion of men to carry out the important task of servicing tlj,o ever- 
increasing number of mofor vehicles. * 

* On December 31, 1919, there were £,558.848 motor vehicles regik 
tered in the United StgtcSj of which a'Op.ut 90 per cent Were passenger* 
cars and 10 per cent motor trucks, KxV't figures are not yet available 
. Us to thouhmber pf men now employed in-repair shops. Such figures 
have been collected in the recent eeftsus, but have not yet bpen tabu-,* 
Wed., These Will show the number ir^eaeh of the various classes Of 

frmn&gcrs, tester^ ^ck^rnorjit g&n, fceyyice , 
i salesmen ^superintendents, forepeff* mec^ani^ laborers. 

Joy ou repurposes We Inky juf^^nitly closely rtttmnit© the tqtul tfum- 
rber now employed. There ai?e repotted tod/e repair Shops in 

♦ , , V. * « 




i Ami 



92 


EDUCATION' FOR HIGHWAY EN GI NERRING. 






the country. Assuming that the average number of men employed 
in each shop, is five, a conservative estimate, for while the largest 
shops employ upward of a hundred men, the smallest have at least 
three, this would mean that 218,000 men are now, employed in service 
work. Dividing this number into the total number of cars iu use. 
we liaVe about 35 cars to each man. Based on the rate of increase in 
number of cars registered each year, tbe probable number in us^ two 
years from now will bo 12,000.000, and to service these, at the rate 
above arrived at, there will be needed 342,000 men, or 124,000 more 
than at pre^nt. Supposing that 10 per cent of the men now em- 
ployed will be lost to the industry within two years by death, change 
of occupation, or other cause, there will-be needed 22,000 new men 
to replace this loss, or a total of new personnel of 140,000 to l >8 fitted 
for the various positions in the next two years. How well fitted they 
will be will depend on what measures are taken to educate them. 

At presertt we are far- from having ^Ificient efficient help. There 
is not only a lack of enough men, but many of the men now employed 
arc perforce used because of want of better men. Probably our aver- 
age is not above 50 per cent efficient. While 100 per cent is not 
attainable, by proper education we should be able to raise the stand- 
ard of efficiency*to at least 75 or 80 per cent. A college or engineer- 
ing school education may not be essential to any considerable part 
of these men, but would be advantageous to the small percentage 
who fill the more responsible executive positions. General educa- 
tion comparing^to graduate from high school would be necessary 
for a larger share of "these men, as well as special training along 
Jines ,of business or accountancy. The great bulk, however, are 
Those needing vocational training fitting them as mechanics amPfor 
which the industry must look to the.automobile schools, Y. M, C. A., 
courses, manual training high schools, and other institutions giving 
.courses in mechanical trades. Thc-further this preliminary educa- 
tion goes, the less it will be necessary to teach the men after they 
take up their work in the shops before they become of real use. 

Less and less as time goes on will the higher executive, positions 
be filled by. men promoted from the ranjts. Graduate engineers will, 
find this field sufficiently attractive to enter it, and s&rvicc as we 
know- it today will take on a new standard. Indeed, it must for 
the continued prosperity of the industry. It is common knowledge 
that pr^ntnlay^ervice is far from what it should be. There is 
vast room for improvement, and this improvement is bound to come. 
The public demands it and the industry appreciates its -necessity. 
The* latter fact is attested by the interest, that is being shown in 
service as evidenced by tne recent creation of the service depart- 
ment in the National Automobile Chamber of Commerce. The en- 
gineering problems relating to design and manufacture that, have 
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so far engaged the makers are relatively near solutjpn as compared 
with those involved in maintenance of the equipment on the road, 
and the latter problems will be those that in the next stage of our 
development will occtipy the attention of the industry 
We must contrive ways and means for performing work iq the' 
service stations and repair .shops that approach more nearly to the 
methods obtaining in the factories. If cars were built as ineffi- 
ciently as they are overhauled, they would cost about f^ur times 
as much as they do. Conversely, if they could bo overhauled as 
efficiently as they are built, the work could be done for a quarter its 
present cost. While this ideal may not be attainable, certainly 
much can be done by concentrating the work in fewer .larger shops, 
so that the volume of work handled .would justify the installation 
of labor-saving machinery and the employment of processes that 
small shops can not afford. At the same time the employees, by 
specializing on the different operations performed, would become 
so expert that the labor costs would be greatly induced. If the 
smaller shops would confine themselves to minor repairs and ad- 
justments, sending units requiring rebuilding or overhauling to 
these specializing plants, the work could be done better, quicker, at 
half the cost to the owner, and with equal profit to the' individual 
shops than is possible while the little shops attempt to do it all 
with inadequate equipment and less experienced help. Herein lies a 
practically untouched field of wonderful opportunity in which engi- 
neering talent might accomplish a great work along lines of more 
efficient organization, shop layout and equipment, motion and time 
- study, special tools, training of operatives, etc. 

Another evidence of the new attitude of increased interest in 
service is the number of service associations springing up all over 
the country, all of which have as one of the main purposes of their 
organization the promotion of means , for educating the personnel 
to man the service stations and repair, shops. The best brains are 
being attracted to this problem and results are bound to come. It 
will need men of engineering training to work out the methods and 
systems and a whole, army of skilled mechanics to carry out the 
work. ' 

I will not attempt to go into details as to what the mechanics’ 
training should be. Opinions differ, but there are plenty who have 
studied the requirements who are ready to lay out curricula for the 
schools. The crying need is for more schools and instructors ' and 
better courses in existing schools. As a rule, the courses as so far 
provided do not go far enough. Obviously, skilled mechanics can- 
not be turned out in six to eight weeks. An obstacle in the way 4 of ■ 
extending the ^period of instruction is the unwillingness of 
; etudehts to spend enough time in school. Much must be donev; r 
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through publicity to inform the youth entering this calling, that 
they must be prepared to devote longer time to their preliminary 
education. The future employers of these men stand ready to help 
them overcome the hardship of a prolonged nonearning period by 
cooperating with the schools so that the students may divide their 
time between the shops and the schools, Jetting them get the theory 
in the schools and apply it in the shops to get the practice, so that 
they* may be earning something while continuing their education. 

In a nutshell the situation is this. The industry has grown at a 
rate that has outdistanced its ability to develop for itself enough com- 
petent men of aH grades to fill the places open tpdhcm. A negligible 
portion of the men now carrying it on contemplated entering it when 
they were in school. In other words, nearly all were edm ated for 
'their present work within the industry. It is becoming increasingly 
difficult to continue to do this. Just here I should like lo mention 
that to which I stscribe the shortage of college-trained engineers 
throughout the automotive industry. It is this, that fathers with sons 
to edueate and sons considering what lines of study they will pursue 
so far have had little appreciation of the possible future for them in 
this industry. Twenty years ago .the field of grent^romise was elec- 
trical engineering, and boys of mechanical bent were advised on even- 
hand to make this their life work. Before that civil, mechanical, and 
mining engineering attrac ted the ambitious youth, unless their pro- 
clivities inclined them to the still older professions of medicine, the 
, ministry, or law. Since then chemistry has had its turn as the popu- 
lar lure. Now it is high time that our second largest manufacturing 
industry be helu up as a deserving goal for the rising generation. 

So we turn to the educators, for their assistance. We submit that 
we have an industry meriting their keenest consideration. We look 
to them to direct the attention of those coming to them for instruc- 
tion to the worthiness of this field |or their future activity and to 
offer them those subjects that will best fit them to enteFupon careers 
in the automotive industry. 

So much stress has been laid on the need of men of advanced train- 
ing that I would impress as my last thought that no army is composed 
entirely of officers. Privates in the ranks are needed, ‘20 or more to 
every officer, so, from the service point of view, we. are asking what 
can the education do to give us more real mechanics so that w'e mav 
decrease the cost of car maintenance and give the public the service 
to which it is entitled ? » ' * 
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EDUCATION OF SALES ENGINEERS, FLEET MANAGERS, 
MECHANICS, ETC. 

Discission by F. W. Davis, Consul tine Engineer, The Pierce-Arrow Motor 

Car Co. 


Th^se remarks will refer mainly to the requirements and training 
of men in transport engineering as hearing oq the operation of 
fleets and trucks, of men qualified to take care of maintenance, of 
shop foremen, of trained mechanics, of men who are sales engineers, 
and of men, who can go out and present the transportation problem 
in.au intelligent manner. . 

'fhe confpany with which I am connected has found a great need 
for tnyn ih the transportation and service end, and we have con- 
ducted, in the past two or three years, courses at the factory where 
we have taken a certain number of men, in some cases-'inen having 
had technical training and in some cases men who are mechanics 
and who have been in the factory and whom we have found suited 
to advancement in a particular field. We have given such men a 
short, condensed course of three months, covering both lectures and 
mechanical work in the factory. We thus fit them to go out as sales 
engineers, transportation engineers, and men who can take execu- 
tive positions in the operation of transportation departments. That 
covers the transportation end; then the other end is the service 
filiation, which has to do with the shop foreman, fleet managers, 
inspectors, au<T highly trained mechanics. The number of men we 
take into that arc about equal to the others. That bourse extends 
over about six months. These men have had very considerable 
practical experience up to that period. They are in every sense 
mechanics, not necessarily skilled in all’ branches. Wc put these 
men, through this six months’ course and at the end o* that time 
they are able to go out and take actual charge of our so-called agents’ 
shops. They are able to take over the handling of large fleets: they 
me able to fill the position of inspector, which is also highly impor- 
tant, and bears si very definite relation to the so-called locomotive 
inspector. The others are the trained mechanics, who are able to 
handle, the work which comes to the repair shops. We can put 50 
men per year in the transportation branch per 5,0Q0 vehicles and 
an equal number of 50 men in the service end per 5,000 vehicles. 

The Society of Automotive Engineers has recently formed a com- 
mittee, of which 1 am a- member, for actually looking into what we 
all the science of truck operation. It is an attempt to formulate 
certain underlying economic principles bearing on highway motor 
transportation in comparison with railway, waterway, and horse trans- 
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portation, and in that way to develop certain material, collect 
statistics, and to make available for our use, not only in the small 
endeavor that $ve have undertaken in our plants, but also more or less 
to give out to those technical colleges which are going into this sub- 
ject of highway transport engineering. So much for the actual 
acquiring of that infprmation. The information at the present time 
is more or less scattered. It is in the hands of a few, but the Society 
of Automotive Engineers and the manufacturers will be very will 
ing not only to lend their time and their best efforts to collecting and 
tabulating this information, when it is available and wheif the 
courses are mapped out in the colleges, inen from the companies and 
from the society will be very ghad to volunteer, certainly at the start, 
and possibly for more or less continuation, in order to go before the 
various technical colleges and presenhthis material. That is. they 
will be willing to volunteer, to a more or less degree, to conduct some 
of the courses in transport engineering, not because instructors are 
not able to handle it, but occause the information is so vague and 
scattered tl^at it is not available for the average college instructor to 
secure himself. The Society of Automotive Engineers is going to 
take the material which is collected and print it in some form and 
thus make it available for anyone Who may want to use it. 


QUALIFICATIONS OF HIGHWAY TRANSPORT ENGINEERS. 
Discussion by Ernlst Farr, Chief, Firestone Ship'toy Truck Bureau. 


In submitting the following suggestions we desire to explain the 
source of our information and the methods by which it was obtained. 
It is based on the experience of more than 100 men, operating Fire- 
stone Ship by Truck Bureaus in 65 different districts throughout the 
country and devoting their entire time to the collection and dis- 
semination of information on motorized transport. The statistics 
come from the research division of the Firestone Ship by Truck 
Bureau, which is engaged exclusively in collecting and correlating 
information on highway and transport conditions for the use of the 
general public. . i 

This bureau has been in active operation for more than a year. | 
It keeps up-to-date information on approximately 2,000 highway 
routes between cities and, into rural districts., These routes cover 
about 20,000 villages and towns. Listed with. these bureaus are more] 
than 6,000 truek operators, either. running on schedule between these 
towns or subject to call for special trips upon these routes. 
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One of the main objects of the bureau from its inception has been 
to train the managers of its various branch bureaus to become high- 
way transport engineers. So we offer the following thoughts as the 
result of our practical experience along this line : 

Qualifications .— To meet the needs of highway transport to-day 
a man must be trained not only in the fundamentals of practical 
roadbuilding, but also be mentally equipped to investigate and reach 
proper conclusions on motor transport, traffic, and highway problems 
of the particular community in which he may be located. 

The economics of the motor car, its possibilities and limitations; 
the trend and direction of urban and suburban traffic, how to 
anticipate it and prepare to rehieve congestion; the. weight and 
volume of traffic and the type of highway that will be best suited to 
it; local geological conditions and the climate as they affect the Con- 
struction and maintenance of roads must be a part of his training. 
Mechanical upkeep, operating economics, and types of motor vehicles 
and their adaptability are also among the subjects in which he must 
have special instruction. 

The field . — The field for a man specially trained in highway trans- 
* port engineering would include Federal, State, and copnty offices, 
and positions With large cities; industrial organizations operating 
big truck fleets; large motor service operators; truck manufacturers 
and distributing organizations; and ship by truck bureaus and or- 
ganizations of a similar nature. 

7' he future « — The growth of highway motor transport is limited 
only by the construction of good roads and the production of motor 
cars. That limit is not yet in sight. The trained highway transport 
engineer could create his own opportunities. His special training 
would command attention and direct public opinion to highway 
transport. Heretofore it*has lacked proper and effective presenta- 
tion to the public. 

Public attention . — In order to bring a fuller understanding of the 
need for specially trained highway, transport engineers it seems to 
be necessary to concentrate public opinion on the need of good 
roads, and educate the people , on the transportation possibilities of 
the motor truck. The call for specially trained men will naturally 
follow. 

The Firestone Ship by Truck Bureau has by demonstrations, na- 
tional advertising, and various means of publicity, and espeejally by 
local application, been carrying on this work of education for more 
than a year. * 

Its bureau managers are supplied with information and statistics 
on the advantage of good roads and motor-truck service. News, 
instructive and interesting, has been supplied td.the newapapers and 
magazines, showing just how highway transport has added to the 
19843 # - — 21 T * . * . ' 
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health, happiness and wealth of communities, 6ooks and pamphlets, 
showing tlie advantages of ship by truck, giving advice to prospec- 
tive motor car purchasers and outlining methods and costs of opera- 
tion, are distributed. The policy behind this has been n6t to merely 
make sales for the manufacturer or improve any and all roads 
indiscriminate^, but to put the whole highway transport business ou 
a scientific and economic basis, individuals Or communities are not 
advised to invest in motor transport or good highways unless they 
will receive *a continuous economic advantage by so doing. 

General . — For example,. the Firestone Ship by Truck Bureau has 
had applications frorti farmers* organizations, such as fruit growers’ 
exchanges and cboperative associations, asking for solutions of their 
’transportation problems. Should they purchase one truck, or half 
a dozen? What shojuld the equipment be and where should the roads 
he improved? We sent a highway transportation efpert into their 
districts. His work for a Michigan fruit growers’ exchange is typi- 
cal. He investigated arid found that one 2-ton pneumatic-equipped 
truck and fo”ur trailers would serve the fruit growers in rush as well 
as in slow .season and do it economically and with the smallest initial 
investment. He arrived at his conclusions by examining the roads, 
the location of the f^rmeys to be served with respect to the com- 
munity packing plant, the amount of fruits handled each day, and the 
maximum amount that their profits would permit them to invest. 
His recommendations were adopted with gratitude by the farmers 
ftnd when put into operation will save them from 1 to 3 cents a crate 
in transportation charges. And the numbor^ferates handled runs 
into thousands a month. That partrcularfcpisode, it seems to us, 
might well be part of a college-trained highAiy transport engineer’s 
job. There arc thousands of groups of farmPts and small shippers 
in this country awaiting accurate and truthful information on how 
to solve their transportation problems. The highway transport engi- 

* neer with proper training can do it, not only to his own and the 
fnrmes’ benefit, but to the'great benefit of the whole community:' 

'Hie automotive industry could use specialists in highway trans- 
port to great advantage. With their special training* they could * 

• * accurately define tVie needs of customers, thus giving greater service. 

This is also true of. large fleet operators. Selection of the'best routes, * 
the type of equipment to-meet particular needs and economizing in 
operation would fall within a highway transport engineer’s duties 
^ith an organization operating mnny trucks.* 

As to specific recommendations on what changes ought to. be made 
in present college courses, or whether an Entirely new c&ursc ought 
to be offered, it seems 4$ us ttoat such 'a decision sfipuld be'Jeft in the 
' hands of the educators. Here we are attempting to tell what kind of 
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training th6 industry can use. How schools and colleges can equip 
men to meet these needs can be worked out ‘best by the educators 
themselves. 


f 

MOTOR TRUCK FLEET MANAGERS. 

t 

Discussion by Clyde Jennixos, Managing Editor, Automotive Industries. 

In discussing the demand for motor-truck fleet managers, several 
• men who have given this subject mature Consideration have called my 
attention to the fact that the average cost of a truck is about $3,000, 
and that a person with five trucks has an investment of $15,000, ai^l 
more than likely an additional investment of $15,000 in garage and 
equipment, making a total of $30,000 for the average fleet of five 
trucks. ‘ This investment naturally leads the owner to put a special 
man tn charge. From the same authorities I learn that there are 
about 20,000 such fleets. in this country. It is estimated that there 
will be an increase in these fleets of at least 5,000 withjn a year. 
It is presumed that th$ increai ? will be heavier in subsequent years. 

AVith a fleet of ten 5-ton trucks, testing on an average $6,000 each, 
and an additional investment, includ g turnover of tires and so forth, 
of an equal amount, the total investment would be $120,000 a year, 
without counting the cost of a garage. It has been suggested that a 
fleet of 'the size I have mentioned wduld need a transportation man- 
ager as a general director; a delivery superintendent to see that all 
trucks were properly loaded; a maintenance superintendent in charge 
of the garage and all repai^work; an operation superintendent • in 
charge of the drivers and the routing; and a cost accountant to collect 
and compile analyses of truck costs. All of these men would need 
special motor-transport training. . A managerial personnel of this 
character would suffice to govern almost any sized fleet, but as the 
fleet grew the various superintendents would begin to require as- 
sistants. It is as yet an unanswered question as to the number of 
specially trained men who would be needed as the fleets grew larger. 


EDUCATION FOR HIGHWAY TRANSPORTATION WORK. 

Discussjon by Lee Lauab Robinson, Transportation Section, Council of National 
. * # . Defease. 


\* f ^ ' t 

*Onc of the butstsrndjng features of this movement, as I seek, will 
be its psychological results. Ufoups, large of small, rarfging from 
the youthful helper on the moAreipress truck or* in the repair 4hop 
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, of the service station to the college student and the young engineer, 
discussing the benefits of a two or four or nine weeks’ Course, as 
the case may be, will almost certainly grow enthusiastic over the 
opportunities offered, and will^ desire to take advantage of such 
opportunities. Like the endless chain, each worker whether he be 
on the truck, in the shop, or with a leveling instrument on the high- 
way, who has taken some one of the courses, will want to tell his 
♦ . fe!lo\vs what he is doing in an educational way, and will manifest a 
natural pride in his accomplishments. In this way the demand for 
opportunities to participate in some of the courses under considers- 
, tion at our conference will spread almost without limit. 

The courses suggested in our conference will not only be of eco- 
nomic value to the Nation, but prove of great utility in time of war. 
, A great thirst for knowledge has been manifested since the war, 
suchas was never known before in this country. Records of all 
corteges will bear out this statement. We must not forget that the 
highway engineers of to-morrow are the boys in the public and 
preparatory schools and the colleges of to-day. In view of this ffcct, 
the extension of the manual training idea to take in a primary 
course in civil engineering should not be postponed inr the schools 
This course should include, for example, something on 'construction 
and maintemmce.of highways, and mechanidhl engineering, including 
the buildin(^plaintenance, .and operation of the machine traveling 
over the highways. . 

Instruction in safety measures on highways should be given to 
children in the various schools. Working with men of experience, 
1 was afole, in connection with my duties in the Council of National 
Defense, to aid in drafting regulations and directions regarding $$ 
subject, and also, to sound the sentiment of the .country regarding 
^#fe same. It should be comparatively easy, in view of the sympathy 
of the public and of school directors and teachers in this movement, 
, to map out a program urnftr which instruction of this character could 
be made a definite part of the work in the public schools. 

The Council x>f National Defense has made a survey of highway 
and highway transport conditions throughout the entire world, with 
the result that information of almost . inestimable value has been 
compiled. A digest of the returns received from probably 74 United 
States consular districts throughout the. world should, also be of 
• value.- ' # ' * ■ 
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By.B. C. Harqkeaves, District Manager of the Goodrich Tire & Rubber Ca, 
Detroit, Mich., and Vice President National Highway Traffic Association. 1 


The invention and distribution of automotive vehicles suitable for 
transport havejjeen followed by a, great era of road building. The 
further development of highway transport and of highway construc- 
tion will doubtless be controlled by the same economic forces which 
have been in operation during the ^ast. By combining the vehicle, 
and the properly established route#we, are enabled to develop not* 
only one trade route but thousands of routes of trade influence and 
commerce within our shores. In the words of Senator Warding, 
transportation “is the one agency of putting every community in 
the Republic on the way of commercial progress.” 

The history of transportation shows that as new trade lines were 
brought into existence new trade centers were established, 'fhe 
prime motive back of these activities was oommerce, the basis of all 
human progress. To-day “the constructive machinery. of civiliza- 
tion and progress” is the automobile which meets a fundamental 
need of our modern life. 

On account of the present’ luck of adequate highway transport fa- ~ 
cilities, a large number of our rural population are deprived of edu- 
cational opportunities. Likewise, crowded cities are hurt by hunger 
on account of food shortage when proper highway transport might 
bring the food products from near-by acres without serious dela^ 
Highway transport may also serve those who live in congested city 
quarters by offering more ideal living conditions in near-by villages. 

The. tool for improving rural life in all its phases, and consequently 
the means of keeping the country sections from gradual depopula- 
tion, is an adequate system of highway transport.' - ^ 

Herbert Hoover has said: “The xufal motor express development • 
which aims to' provide efficient transportation between rural areas 
and consuming centers and rail and water terminals is, I believe, in' 
the line of progress, and ’will bear large returns- to producer, con- 
sumer, and carrier,” etc. 0 v 

T^o following item quoted from an English journal is significant: 

The market towns of Newbury and Andover, which are 17 miles apart, have" * 
been linked up by jpotorbus, the opening of the new serllfe being Inaugurated 
one day lart week, JJe two towns are poorly served in the matter of Inter- 
communication and, as they are on different railway systems, the circuitous 
train journey occupies three hours. The motorbuses compf&te the journey in 
50 minutes at a charge of 2s. Od. ns ngnlnst ttie rnlhvny fare of 3s. The 
service Is to be run every two hours, starting and ending at 8 o’clock, morning 
and evening. ** f V 

•From an address, mads before the animal meeting or the; Michigan State GoixT Roads y 
imoctstlon. 1920. J . a ? 
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TTow, consider for a moment the . case of two towns., apd call them 
Tyre and Sidon. For the towns I have in mind are as inconspicuous 
to-day as those of the Paine name in the old world were before trans- 
portation made them famous as trade centers. With highway trans- 
port available, a trade route would be established between the two, 
and these towns would in time become cstifblished as trade centers. 
Assume that it were possible to establish any one- of three routes 
between these two towns, what direction- would it take and how 
about its profile? Without' a scientific fetudy of the 'possible trade 
development along the route, the efforts of the ablest engineer would 
Be unsatisfactory. IIow much expense is justified in shortetiinj?>the 
distance of the route 2 miles— reducing the grades one-half— elimi- 
nating curves — and in providing ^ie most efficient type of road sur- 
face? What of the width now, and in 10 years; Of snow removal to 
permit brisk trade 305 days in the year; or a snow embargo pre- . 
venting a proper range of industrial activity to enter the trade 
centers, which, activity, would be dependent on 305-day roads? 

These are a few of the problems — there are yet many more. And 
all of these problems I think of and study over as being included in 
this subject, “Economics of highway transport.” And are these 
not even greater problems than the ones pi construction we are 
usually tattling with ? True, wc may know little about the 'bearing 
power of soils or the action of clay with or without water in suspense. 
Biit I believe we will know. *a great deal of such matters before we j 
really make a start with the larger economic, problems, because one 
is of the type that can bo taken into the physical and chemical labora-' 
tory and expressed in the form of mathematical equations, and the' 
other fakes one into the laboratory of human life and experience and 
involves the personal equation. 

In* the future atrementfoira growth and strengthening cf the towns 
and villages of our land will doubtless take place*. Even from the 
standpoint of foreign trade alone, it is the people of th& towns aqd 
small cities in the country who should bowitally interested; Fftr j 
only consider that in 1919 $3,500^00,000 of foreign trade — about 45 | 
per cent of it — was fnadeup of fruits^, cereals, vegetables, meats, eggs, 
and butter. This means a great Weal to the tffwns and villages. And 
from the standpoiht of manufactured article^yconsider that it has 
betsn stated that over 50 per cent of the manufactured goods that go 
to buyers outside of the United States are prodffced in towns having 
a population of 50,000 or' less. Imagine, .th^, countless villages and 
towns linked up by trade rbtites, growing steadily as trade centers, 
looking up in turn to the more natural inters of larger trade in- 
fluences. At $hch points hi"hw|^ transport will be.joiriSd to our 
great steam dnd electric-rail system. . y 
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Hand in hand they must go, articulating perfectly. Rail trans- 
portation as the great rougliing-out tool, used for first entering the 
heart of a country, and large section and highway transport ns the 
light finishing tool for shaping the rapid improvement and develop- 
ment of the Kirgo tributary areas. What promise there is ahead in 
this, country of ours. Arteries of commerce. Webster savs,of an 
artery, that it is a vessel carrying blood from the heal* and a con- 
tiqual .channel of communication. This, then, is the challenge, laid 
at ouV door. To pick up the -tool — highway transport — and apply 
it properly; to build arteries of commerce with channels uninter- 
rupted despite rains and snow, so that commerce, the very life blood 
of 'mu' Nation, may flow with more certainty back and forth from 
ports to big cities, and on through to the towns and villages of our 
land, the very heart of our country. 


RESOLUTIONS OF THE CONFERENCE fOMMlTTEE 
ON 


• HIGHWAY TRANSPORTATION EDUCATION, 
ADOPTED MAY 15, 1020. 


Whereas*' the phenomenal development of highway transportation In the 
Undod States lms created a demand for men having know ledge “of am^ training 
In a new technical Held, which may lie designated highway transport engineer- 
ing. and which deals with the science, art, economics, and business of trails- 
porntion of passengers and commodities over highways; nnd 
Wiuyeas the manufacturers and users of motor trucks, In this conference 
assembled, have stated, first, that four thoo^and men should be trained in high- 
way transport each year In universities ir positions of motor-truck fleet man- 
agers, sales engineers, advertisers, business administrators, and highway traijs- * 4 
port engineers; second, that short-period advanced courses efficiently preside 
opportunities for nfion occupying the position^ enumerated to obtain a knowledge 
uml training In highway transport; third, that students in universities, may be 
trained for the above-mentioned positions through the medium of four-year 
courses In highway transport engineering or group* options In collegiate or 
technical courses; fourth^that one thousand automotive engineers, required 
each year for research ~*nd design positions, may be. trained through the 


medium of four-year mechanical engineering courses which Include automotive 
engineering options; fifth, the training of two hundred and fifty thousand men, 
required each year for the positions of shoaforemen, skilled mechanics, inspec- 
tors, and motor truck operators, may be efncieptly given by vocational automo- 
bile and factory schools ; and*- 

Whereas the need is dally emphasized In every highway department through- 
out the land of highway transport engineers, whose sole activity shall be the 
practical application of highway statistics and service tests 30 far as the same 
are valuable not only lu the regulntion of traffic, but to the scientific design 
and operation of highways and motor vehicles ; Therefore be It 
Resolved , That this conference strongly recommends .that universities nnd 
colleges offer courses Id highway transport as pfeir facilities wil permit, afid 
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that at least 10 universities, located In different geographical sections of the 
United States, offer short period advanced courses* covering the various phases 
of highway transport, and four-year courses in highway transport engineering 
or highway transport options In four-year collegiate or technical courses. 


Whereas the fundamentals underlying the Ideals and accomplishments of to- 
morrow must he implanted in the hearts and minds of. string I hoys and girls of 
, to-day ; and 9 ' s ^ 

Whereas Ihc avenues of transportation^ have carried civilization around the 
world and administered to the wants and comforts of all : Therefore be it . 

Resolved , That the underlying principles of highways and highway trans- 
port, as well as Jhe rules of the road, be taught in the grammar schools and 
high schools of the Nation ; and 

Whereas It is desirable that those boys and girls who' are naturally best 
fitted to carry on this most Important work be selected scientifically and care- 
fully with a view of the widest possible advantage to tlie Nut ion :* Therefore bo it 

Further resolved, That vocational guidance be given iti every grammar and 
high school in the land with a view of particularly selecting for ail professions 
and activities, and particularly with reference to highway trans|>nrt, those boys 
and girls* who show unusual proficiency and appreciation of the vast problems 
of highway eagineering and highway transportation. *" 

A. Fh Rt.^ncharp, Secretary, 

Professor of Highway Engineering and Highway Transport , V. ty Michigan, 

. Emoby K. Johnson. Ajutoctofc. 

Dean, Wharton School t of Finance and Commerce , rjrmrxifp of .Pennsylvania. 

' John Weber, Associate , 

Associate Professor of Mechanical Engineering, University of Pittsburgh. 
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REPORT U* THE EDUCATIONAL COMMITTEE OF THE CONFERENCE 
SECTION ON BUSINESS EDUCATION AND HIGHWaAaND TECH- 
NICAL ENGINEERING. • , V ' 


The conference committee had under consideration the problem of 
research in highway engineering -and in technical engineering. It 
also considered the qifestion of business education as a preparation ' v 
for persons who might be employed in the automotive industries. * 

1. Research . — The committee first considered the question of re- 
search in highway engineering. r It develo]>ed at once that research * 
in the problems of highway engineering is an extremely important 
matter. Large sums of money ^Tuive^lllrendy been appropriated by 
the National and JState Governtnent* for the purpose of building 
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highways. As yet, however, many of the problems concerning the 
proper construction of highways remain unsolved, and before wt 
n^iy expect to build highways ‘that will stand up under the new 
traffic conditions.it will be necessary through research to determine 
how these highways should be built. At present only a very small 
portion of the sums appropriated for the building of highways nm 
be used for research. Research is necessary not only to determine 
the character of the conduction of roads according to the type of 
traffic that passes over them, but also to discover the kind of high- 
ways which should be built to withstand the climatic conditions in 
the several parts of the country.' For instance, highways in .the 
Southern States probably need to be of extremely different char- 
acter from those which are built in the Northern States. 

In the field of technical engineering, connected particularly with 
the automotive industries, it developed that the .stimulation. of re- 
search was not so necessary. For a long time research has been going 
on in the field of design and fuel in the aUtqpiotive industry, and this 
work is still being carried on sufficiently. 

The new field of research in highway transportation economics 
needs serious attention in the future. It is, for instance, a great 
problem to determine what is t\\e cost of transportation by motor 
trucks and to what extent motor trucks should be used to replace 
othe^forms of transportation. It was agrled, however, that this 
research could Ite attempted only in the automotive industries them- 
selves. On the other hand, it is highly desirable that colleges and 
universities train men in the methods of research who could later 
be Employed in this field by the automotive industries. 

One / rffTKe important problems which presented itself was* that of 
coordinating the research in highway engineering problems at the 
various colleges and universities. Some Colleges and universities are 
much better able to undertake the solution of those problems which 
concern that sectiop of the country in which it is located. It was 
there rare, tjiat there should be as nftich coordination aa 
possible ill the research in, highway engineering problems which it is 
hoped will be conducted at the various institutions of higher learn- 
ing. Mention was made of the admirable work of the National 
Research Council in attempting to stimulate and coordinate research 
work in all fields. It was the unanimous opinion of the committee 
that there should be some central body to stimulate and supervise 
research in highway -engineering and transportation problems 
throughout the various- colleges and universities which were in a 
position to undertake this research. 


% Business education . — The discussion of business education re* 
’ venled the wide opportunities which there are in this field to add to 
‘ jie efficiency, of the automotive industries. It developed that it waa 
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highly desirable fora large portion of the persons connected with the 
automotive industries to have an adequate preparation in business 
“courses which would enable them to undertake managerial positions, 
whore they would be able to coordinate the work 6f the various 
branches of the industry. 

In the discussion of this topic it appeared that much work of a 
valuable nature could Ire undertaken even in the elementary and 
secondary schools, w here students could be taught elementary business 
• forms and practices, which in time would assist tliem to accept posi- 
tions of responsibility in industries. 

In the colleges and universities it was pointed out that three fields 
of opportunity are open for a greater number 'of business courses 
It has now become generally recognized that ' graduates of engi- 
neering schools are much more valuable to an industry when they 
are acquainted with those fields of business education which will 
enable them to coordinate the work of the various departments of aft 
industry. Recently also there have been established a number of 
schools of business and commerce, whose graduates may find ample 
opportunity to accept important positions in the industries. It Was 
suggested that students in liberal arts courses should be given an 
opportunity to pursue a number of courses in business and commerce 
nnd also in engineering, in order that they may be able to undertake 
important positions hi the industries. Graduates of business courses 
and of courses in arts and sciences may be used In considerable num- 
ber- in industries thftf arc generally regarded as technical in nature. 


Resolutions of the Committee on Rf-searcii and Business Education. 

In view of the fact that a large volume of materials formerly transported by 
railroads is now carried over the highways, resulting in a grant increase in 
weight and volume of freight carried by motor trucks, and ta view of the 
lack of knowledge concerning many of the fundamentals of highway con- 
struction to take care of this traffic, nnd in view’ of the enormous sums now 
being expended and to be expended in the future for road construction^ it Is 
the sense of this conference; # 

J. That research in highwaj^nglncering nnd highway transportation prob- 
lems is necessary to secure highways enable of enrrying the traffic which will 
puss over them in the future. , 

L\ That n moderate number of colleges nnd Universities properly equipped 
Und located in various sections of- the country should be urged to undertake 
research in highway engineering and highway transportation for the purpose 
of training undergraduates in the methods of research and solving the problems 
of highway engineering through competent graduate research. 

3. Jlmt this research should be directed by some central autMbrity, which 
should have power to call to its assistance other agencies and organizations 
capable of giving advice on this subject. 

j. That sufficient funds should be raised and placed in charge of this central 
body to carry on this research. 
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5. Tbnt f this contra! body should have the ‘power to invite the dooporatton 
• of v State highway departments, of colleges and universities and experiment 
stations, and to assign to these cooperative agencies funds for the prosecution 
of this research, and do supervise and direct the conduct of the work. 

C. That in addition to these funds the National Government be urged to 
appropriate generous funds for research In highway engineering and highway 
transportation, and that each State set aside a definite portion of the funds 
appropriated for highway construction for the prosecution of research In 
highwuy engineering and transportation. 

. "• That the State highway departments should, wherever possible, seek 
the cooperation of colleges and universities and exi>eriment stations in solving 
, research problems iu highway engineering peculiar to the State concerned. 

RESOLUTIONS REGARDING IUJSINES8 EPUCATION. 

1. That the largest possible opportunity bo* given to students in the elementary 
and secondary schools to learn simple business forms apd practice, bookkeeping, 
commercial law, elementary banking, and elementary practical economics in' 
order that this training, together with practical experience, may enable them* 
to advance Into positions of responsibility in the industries* - 

2. That the conference indorse the idea of a liberul opj>ortunlty for engineer- 
ing .students to take courses in business education which will train them for 
managerini positions in the industries. 

3. Thnt the conference favors the establishment of schools of business and 
commerce In which students, In addition to numerous courses in business and 
commercial economics, may secure such technical and general training as will 
fit them leadership In industry. 

4. .That the colleges of arts and sciences encourage the placing of courses in 
business economics on a pur with humanities in order that graduates of these 
colleges nmy take their places ia Industries speedily and intelligently. 

Charles S. Howk, Chairman/ 
President Case School of Applied Science . 

A. T. Goldreck, 

Bureau of Public Uoads. 

Geobue F. Zook, Secretary, 

Bureau of Education. 

PROCEEDINGS OF THE CONFERENCE COMMITTEE ON BUSINESS 

EDUCATION AND- HIGHWAY ENGINEERING AND TECHNICAL 

RESEARCH. 

CAatr?»an: Dr. A. F. Woods. 

Cj^irman. I believe tfiat it is unnecessary to make any opening 
statement as to our discussion this afternoon. I understand that we 
should discuss the subjects ,of business education and highway 
engineering and technical research in their relations to the general 
problem outlined in the morning session. Certain gentlemen have 
been^ requested to open 'the discussion oTHhesc subjects, beginning 
.with the consideration of hlghway-engineerin^research. Mr. Gold- 
; beck will open the discussion. * ■ 
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Mr. Goldbeck. Before’ approaching the subject of research in % 
liigh way -engineering courses, it will be well to stop ^nd consider 
the object of research work as undertaken in colleges. Primarily 
every subject in engineering'courscs should be studied, for the pur- 
pose-of mental training or to add to the general or special knowl- 
edge of the student so that he will l>e better fitted for carrying on 
his life’s work,' and it is highly desirable that such research work 
as may be undertaken will at least aid in serving this purpose. 
Undergraduate research, first and foremost, should be of benefit to 
the student. So far as benefit to the highway-engineering profes- 
sion is concerned, it may be said that research work in engineering 
colleges should be conducted with tlrfs in view, but that this purpose 
should l>e regarded merely as of secondary importance. 

Highway engineering and> highway transport arc still in their - 
infancy, and there are numerous problems which must be solved 
before we shall have attained that degree of perfection in the art 
of road building and highway transportation so gieatly to be de- 
fin'd. These problems, in the main, can be solved only by thorough 
and conscientious study and research in the field and in the labora- 
tory. Many of them are far too big to he undertaken in the short 
time allotted to thesis work* in engineering courses, hut nevertheless 
most of the major problems arc capable of subdivis^n into minor 
problems requiring a comparatively short time to solve, and such 
problems when solved, assembled, and digested will give the answer 
to the big. main problems being studied. 

Would it not be well to have these major problems thoroughly 
outlined by some suitable agency, such, for instance, as the engineer- 
ing division of the National Research Council or by a committee 
of the American Association of State Highway O.TiciaJs? Lot these 
problems be subdivided into the minor sections requiring solution, 
and let the research work of the colleges be conducted toward the 
end that the solution of the minor sections of the big, main problems 
may be obtained. The statement of the problem in detail would be 
of groat educational value to the student and would gjve him a 
dear conception of the goal to bo attained. His interest in the solu- 
tion of his part of the program would be stimulated by having the 
same problem assigned in several institutions, and ip this way Hie 
various students or groups in the various institutions at work could 
compare their final results. They would be thus urged toward ac*. 
curute observation and careful work. The very fact that groups * 
in various colleges were working on the same problem would add. 
to the valu^Bf the results obtained,. since it could very readily be 
determined whether the results could be accepted as being of value. \ 
or be rejected because of inconsistencies. It would be my idea that 


c* 





some central body or committee in cooperation with the college 
could see that the problems were distributed to the various institu- 


tions so that there would not be too much duplication of effort. 
There should be some duplication, however, and the same problems* 
should be repeated over several successive years. The results thus 
obtained might be of some value to the engineering profession. 

The fact thafrthe student is made to feel that he is cooperating 
| in a big national research for the good of a common cause would be 

| a great stimulus to him in his work, and the fact that he would be 

f given an opportunity to compare final results with others working' 
on the same problem would promote accuracy. The experience 
| gained by the undergraduate in research would be splendid train- 

f ing for him and would aid in fitting him for more extensive and 

| more useful researches to be undertaken in later life. It. is believed 

that such a procedure in research in highway engineering courses 
'primarily would benefit the student, and at the same time might 
1 add to the general fund of knowledge leading to the advancement 
of the science of highway engineering. 

I. The most extended researches might be undertaken in graduate 

, courses under the general supe. . ision of the same advisory body, 
i and it is to be expected that>the results obtained from graduated- 

i searches would be of much more value to the profession -tttan those 

from undergraduate work. 

Chairman. One of the speakers this morning said that a coim 
i mittee of the engineering division of the National Research Council 
was undertaking a project of that kind. ’ f 

j Mr. Goldreck. Yes ; I understand that is the case, and it seems to 

i me that is the logical thing to do. I feel that in the first/lahe we 
must have a very definite outline of the problems. The 7 problems 
1 should be minutely'outlined, and there should be some central body 
to see that they are properly distributed, considering the kind of 
equipment the colleges have. Those problems could then be worked 
\ out in detail. You can rcadtly realize that it is impossible to assign 
any one great, big problem to students for research work, because 
they have not time enough to devote to such work, but the main prob- 
lems can be subdivided and the students can work on the minor sec- 
tions of the mjiin problems. 

Chairman. Would it be an advantage if engineering institutions 
" should have connected with them research departments, such as the 
experiment stations of the agricultural colleges, similar to the agency 
i planned in some of the bills now before Congress to conduct funtia*. 

j mental research anil then to have these minor research problems 

! more or less articulated with them? 

Mr. Goldreck. That may ,t>e worked out in connection with ad- 
vanced courses. 

* 
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CirAirtMAN. Is it your idea to have students do research work in 
the first, second, and third years? 


Mr. (ioldbeck. No; I should say not. It should not begin before 
the third or fourth year. " I hardly believe the students are ready for 
research work before the beginning of their senior year. 

Chairman Ordinarily, .for instance, in the agricultural colleges, 
the research work started in the senior year is of a minor nature, just 
enough to give them th§ training in methods of research rather thap 
in the solution of problems. . ' 

Mr. Goldbkck. I feel that all fhese problems must necessarily be 
of a minor nature. # I do not' feel that research work as conducted in 
the colleges in the time allowed for such work can be anything else 
hut of a minor nature. It is important work, but I think the minor 
problems, when assembled, will give the answer to tne big, main 
problems. 

Chairman. Your remarks are directed mo$e to the training of thb 
students than Jo* the solution of research problems in connection with 
highw v construction. That, you think, is the most important aspect 
of the case? ' 

Mr. Goldbeck. I feel that is what the student is going to college 
for, and not primarily to conduct research. Any research work that 
is conducted should he given for the purpose of training the student. 

Chairman. I wonder whether we are expected to consider also the 
importance of fundamental research. While perhaps n&t connected 
with the educational aspects directly, there is a field there, connected 
with the field of highway engineering, to which attention ought to bo 
called. I should judge that the engineering division of the Natipnal 
Research Council must feel that necessity, inasmuch as it has estab- 
lished a committee on highway engineering research, which will, I 
suppose, be devoted mainly to the fundamental aspects of the sub- 
ject. Y ou are in that group. Do you know what the feeling of the 
committee is? 

Mr. Goijibeck. As I understand £he outline of that group, the 
engineering division, as far as highway engineering is concerned, is 
divided into three main sections: (1) Road design; (2) economics; 

(3) highway transport. * 

Dr. Zook. Is it the idea of the Research Council that research 
work can be done in connection with -the usual work of the fourth- 
year student, or is it that graduate work should be developed? 

Mr. Gold beck;. I do not believe the committees of the National 
Research Council are depending upon the little research work done 
by students. They are going to depend primarily on research work 
done in graduate schools* or by various State laboratories, or work ’ 
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done by committees of the various technical societies^ They arc not 
going to depend very, much on the work of undergraduate^. 

Chairman. They have definitely approved the legislation to estab- 
lish research experimental stations in connection with colleges and 
universities? • 

Mr. Goldbeck. The National Research-Council has taken the atti- 
tude that there are two aspects of research work: (1) The develop- 
ment of research personnel, which must start back-in the finding of 
individuals adapted to research, and train them for research ; (2) the 
solution of fundamental problems by direct effort, and the develop- 
ment of research agencies in view of finance, and manned by thor- 
oughly experienced research men. 

Mr. Chapin. There has been research work carried an in highway 
construction on the part of students at the University of Michigan, 
.and divided into permanent and. temporary research, and they haVe 
endeavored over a period of years to develop as much student re- 
search worlc as can be done, and that type of work is directly stimu- 
lated by scholarships, and has proven to be very successful to the 
State of Michigan, 

' Mr. Hubbard. Is that work undertaken by undergraduates? 

Mr. Chapin. Yes; by* undergraduate students. 

Chairman. Do you know whether the State highway departments 
or industries provide any J scholarships? 

Mr. Chapin. I am providing one myself. 

, Chairman. You are doing it as an educational proposition rather 
than to get some fundamental results? 

Mr. Chapin. I gave a scholarship, or, rather, I should say* fel- 
lowship, in. highway engineering af the University of Michigan ; they 
were able to get together more or less in the way of equipment. The. 
fellowship which I gave is based ou permanent types of highway re- 
search work along that line.* The Detroit Edison Co., while I have 
not investigated it, have over the same period of time given a fcl- 
lewship based on /the investigation of dirt roads, possibly because^ 
they have in Michigan investments scattered all over the State and 
they want information to tie up their various plants with some sort 
of highways. The^havo continued to do that, and it is an annual 
scholarship. * •****■' . 

Mr. Hubbard. I should like to raise the question as to whether re- 
search work, should find a place in undergraduate work? Person- 
ally, I do riot think it should, unless the usual pUpedure of intro-’ 
during highway engineering at the present time is changcid. It is 
introduced usually in- the senior year, and in order to get it, it i* 
pecessary for the student to have, more , experience than he can get 
'in one year’s training, as Introduced in the senior year* I do not 
think that it has & place in undergraduate work. , 
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President Howe. I wholly believe that we .need a vast amount of 
research work done in connection with our roads. We have only to 
look at the condition of roads which have been used for a short. time 
by heavy trucks to see that we do not know how to build them. We 
have available over $800,000,000 tofspend on roads, and we ought to 
conduct the most far-reaching researches before, we put our money 
into anything which we do not know will be valuable or lasting. I 
think that any research carried on by students is absolutely worth- 
less. I speak after watching research for 40 yfcars in college. It 
js a valuable thing, as a rule, “for the student to find how to conduct 
researches, but it is worthless to any one else. They learn mainly N 
the iqethods of research, and they will become valuable research 
workers later on. With the tremendous amount of money to be spent 
and with the tremendous amount of traffic going over the roads, I 
believe the highway problems of so' great importance to the country . 

• that we ought to have the very highest type of professional research 
work done, an£ not depend upon students except for the smallest and 
minor problems. Students ca'n assist in these. Many of these re- 
searches must last more than a year. An undergraduate is available 
for only one year, and he can give only limited time in that one year, 
and after the senior year he is not available at all. Many of the 
problems should continue oyer many years before we can come to 
any correct solution in regard to th^m. Jf we were conducting re- # 
searches in regard to anything in connection with commercial prob- 
lems, we would not take an inexperienced boy and let him conduct the 
research work. We would take the very best man we could find and 
pay him whatever was necessary. Now, it seems Jto mo that a large 
amount of money ought to be available for professional research 
work on the roads. Use graduates and undergraduates as much as 
wc can for small things, but consider it a small part of the problem. 

Mr.* Goldueck. I should like to second what Mr. Howe has said. 

The actual value of the research work turned out by the student 
can not be considered very highly. However, the trainB^will bo. 
of value to him later. That is the most valuable thing. 

President Howe. Surely that is the most valuable thing. Train * 
them so they will be valuable later on. 

Dr. Zook. This field is more or lees foreign to me, of course, but 
I think that most engineers are agreed that they wilfcflot endeavor 
to specialize too much in any one direction. That means Yk&t they, 
are not" even going to endeavor to do very much research work in 
the. junior and senior years. _ If any research work is done along 

* this line, it will be done by graduate students. Can we get any . 
kind of a statement from the persons qualified to speak here as to - 
the necessity of graduate research in highway, engineering problems, / 

10843* — 21 8 ' t V 
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and anything like the extent to which*it ought to be prosecuted in 
our colleges and universities ? That 6eems to me to be thfe problem. 

Chairman. The discussion has centered upon two dtepects of the 
case : One, the education of the undergraduate student. There seems 
to be an opinio., that minor research as an educational procedure in 
the senior year is recommended as a part of the education of the 
student with the understanding that the products of that research 
are of no value in the matter of solving our big problems! Two, 
tjhe importance of this subject is so great that fundamental research 
manned in the most, thorough manner and financed so as to solve 
the big problems is necessary' before we go very far in our road- 
building program. These two points seem to be perfectly clear from 
the discussion. , 

President Howe. May I give an illustration ? We started in Clove- 
land two years ago to pave our most important higk way, Euclid 
Avenue. WeAscd the best highway, engineering and the best knowl- 
edge we had; gave it to a very competent engineer. In legs tlvjin a 
year’s time, I think in less than six fnonths’ time, in the very best 
section, a little over a mile in length, there were at least 50 holes 
in the pavement, if not more. I think that is what I mean when',1 
say that we do not understand the methods to Be used in the funda- 
mental problems. In order to put down a good pavement we must 
consider the effect of water upon it, the effect of drainage upon it, 
the question of soil, the. foundation necessary for the different kinds 
of traffic, the surface njaterial which Should be used, and the method 
ol maintaining that surface. If the surface goes to pieces in a short 
time we shoultf know how, to replace that surface. We should have 
engineers who understand resurfacing. 

Mr. Hewes. I wish to indorse what President Howe ha 9 said, as 
seconded by Mr. Goldbeck. I feel that research can not su^essfully 
be carried out by undergraduates, but in defense of the etigirreers in- 
connection with what President Howe has just said I think it ought 
to be brought out at this, conferenoe-that there is a fundamental lack 
df coordination between the construction of the roads and the opera- 
tion of the rolling stock on the roads. Now, in the case of the rail- 
roads the same jurisdiction obtains over! the construction as that 
which obtains over the design .of the rolling stock, and the engineer 
knows, when he puts down a 40-pound rail, that he is not going to put 
over it the heaviest trains and locomotives. Now, what seems to be. 
the fault, of the highway engineer here is beyond his control in many 
cases'. If the highway engineer ca^ not have the guaranty of the 
.traffic of the road that he is going to design, and can not be accorded 
suflksient funds to put down a road which wul anticipate a 100 or 200 
per cent, increase in the duty of that read, we can not charge him with 
,_., ; the; failure of that design which is imposed on him by ^^on of the 
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limitation of control and lack of money. So it seems to me that right 

there develops a very fundamental problem for research, so it may 
be somewhat of an economic or legislative problem rather than a prpb* 
h*m of design. What seems to be^tTie articulation between the invest- v 
ment and the cost ana weight and speed of the rolling stock? That 
question leads us on indefinitely. For example, as to the relative 
effect of road on the vehicle — we, talk of the destruction of the road 
by the vehicle, but have not said much about the destruction. of tfio 
vehicle by the road. We have 7,600,000 vehicles whifch are being 
junked at an appalling rate. That is to sav, the life of a vehicle may 
be spvcn years. With that rate in railroads they would be bankrupt 
in no time. How much money can we afford to add to what we have 
been spending for roads to cut down the depreciation of rolling stock ? 
These are'problems that it seems to me demand the very highest type 
of training. I think it is clear that undergraduates can not be in- 
trusted with that. We must have great sums of money in the light of 
highways and rolling stocks involved. So that I suggest that we 
take up the question as to what authority is to propose these prob- 
lems, as to what authority is given to a question when it is proposed, 
as to what grade of man can be intrusted with the solution of that 
problem, and how it shall be finaneed. 

Chairman. Are we agreed as to the statement of the two aspects * 
of research in relation to our committee? That if, educational and 
fundamental research. 

Mr. Chapin. Ts not there a question there? I am interested in 
graduate research. If it is carried on long enough, it ag^umes^a* 
value that is quite worth while. That is; a graduate engineer spends, 
only six months or a year in research work. This makes for devel- 
opment rather than for training.* Yet if u is possible to carry on 
research work in a subject as important as this over h period of v 
-time,' say three years, the schools and colleges will supplement what 
is done by the Bureau of Public Bonds and the various State high- 
way departments. It, would scorn to be that there is a value in 
graduate research work which is surely worth while, * . 

CiiaihmaN' I think that the discussion here refers to graduate 
research work- and not to the work in the graduate schools: That 
is a different proposition, and I was ‘just about to raise the same 
.question as to whether it would not be advisable to recommend 
investigation of research work by competent investigator*, such as 
in the National Research Council, where committees in charge have 
developed research work in chemistry and physics by scholarships 
to especially qualified men. with a five-year, program and $100,000/ 

7t may. run anywhere from on^ to five years. Does t;he committee 
wish to .recommend that attention be called to that opportunity f 
Now, physics and chemistry both relate to this wad work so closely 
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that some of those scholarships may be secured for research work 
in connection with our problem. 

President Howe. Are resolutions desir^sle? 

Dr. Zook. It iylesirablc that the educational force of this com- 
mittee should assWible and afteinpt to make ’some recommendations 
to the general body of what is indorsed here. 

Chairman. Then I think any suggestions would be welcome to 
the committee. . , 

I resident Howe. I have prepared four resolutions which I believe 
state what the members stfid: (1) That highway research is neces- 
sary if we are to carry the traffic which must pass <0 ver the roads 
in the future. ^2) This research should be under some central 
authority, such as the National Research Council. (3) That stiffi. 
cient funds Should beprovided and placed in charge of this central 
authority. (4) Tha^this central authority should use the State 
highway departments, profpssional State engineers, graduate re- 
search departments of o»ir universities, and all other means which 
couldjie used to further the ends desired. I should like to suggest- 
that for discussion, Mr. Chairman. 

_ Mr. Chapin. Everyone would agree with you ift that resolution, 
liid you include the industries Several industries have research 
laboratories. It would be well to include them so as to coordinate 
fill of them if possible. * 

Mr. Goldiieck.- Research work Should be given to students for the 
i P ur P 0SC of training. It seems to me we are getting a little bit awav 
from our functions here. We should deni primarily with matters 
pertaining tp education. • 

Chairman. I think our committee lias two function!^ rst, educa- 
tion!^ research ; and second, -fundamental research. As it was stated, 
it is-destrable to call attention to the necessity for fundamental re- 
• search. I do npt think that President Howe intended to leave out 
the educational phase, dr the importance of training students along 
lines of research that in future they may become efficient research 
engineers. 

President Howe. No; I should be very glad to put that in. Uni- 
versities and colleges should train their students as far as possible 
in resell rch so that in tile future they ’will becortie efficient engine's. 

Chairman/ The next topic is very similar to that 1 The considera- 
tion of technical research in automotive industries. ' 

. Ml \ D avis. The Society of American Engineers has recently 
formed a committee, of which I -am aniember, for actually looking 
into what we call the science of truck opera! In. It is an attempt 
.to formulate certain underlying economic pffflliples bearing on the 
construction of rond'trnnsportation Ha comparison with the'railways, 
waterways, and horse transportation, -and in that way to develop 
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certain material, collect statistics, and to make available for our use, 
-not only in the small endeavor that we have undertaken in our 
plants, but also' more or less to give out to these technical schools 
and colleges who are going into this subject of highway engineering. 
Now, so much for the actual, acqui ting of that information. The 
information at the present time is more or less scattered; It is in the 
ha?nls of a few, but the ^Society- of American Engineers and the 
manufacturers will be very wiping not only to lend their time and - 
thok best efforts to collecting and tabulating this in formation; - but 
when it is available and when thecotirses are mapped out in the col- 
leges. men froih the Companies and from the society, I know, will be 
very glad to volunteer, certainly at the start, and possibly for more 
or less continuation, in order to go before these schools and before 
these various technical colleges and present that material. That is, 
they will be willing to volunteer to more or less degree to conduct 
some of the courses in transport engineering, due to the fact not 
that instructors are not able to handle it, but because the information 
is so vague and scattered that it is not available for the college in- 
stnetor to secure -himself. The Society of American Engineers is 
going to take the material which is collected and boil it down, and 
then print in some f£m or another and make it available for any- 
one who may want i£ 

Dr. Jarvis. It will serve as a nucleus. 

Mr. Davis. The highway end is much better off than the transport 
end. With the exception of the foundation to support highway 
trucks, the other phases are very well understood,. but thcUransport* . 
end of it is particularly shy of this information. Now, if there are 
any other suggestions here or any other scheme whereby the Society 
of American Engineers can get at that information so as to cover 
the ground, we would like very much to get that at this time. 
Chairman. Has anyone a suggestion to make? . v 

Mr. Johnson.' AVhat does^the word “ research ” mean ? 

Mr. Davis. I really don’t quite understand what the meaning is of 
that statement. Do you mean technical research in the design of 
the building of the vehicle or in the building of the road? I hardly 
understand what is meant by technical research in the automotive * 
industries. . • * 

* Mr. Chai*in. Might I suggest that the most profitable research 
thatecim be carried on is what I outlined- th^ morning ; that is, how 
traffic over the highways can be foade to go at the least possible cost . 
per mile, be it per ton-mile or per passeiiger (traffic) mile. It la 
the research in the economics of the situation. 

Mr. Da vis. That is one of the phases that the Society of American* 
^Engineers committee will consider. That Is, as I seeit, only one 
phase of what the word “ Research ” covers in regard to the auto- 
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motiye industries. Research in an industry covers materials, fuela^ 
etc. lour question is very good and a very important side of it, 
which we know very little about at the present time. 

Chairman. I do not think that we should exclude questions in 
regard to design and those which are of more importance funda- 
mentally, because the colleges and the Research Council want to know 
whether you have research problems there that you want institutions 
to attack; and if so, what they jfre. • ' 

* M r - Davis. We have lots of problems that we are attacking our- 
. selves in a research way, but it is almost impossible to outline what 
those requirements are in a broad sense. 

' Chairman. You think that the competent research men in those 
fields would perhaps know the problems? 

Mr. Davis. I think they are very well qualified to conduct that 
research. * 

Chairman. Does anyone have any suggestions along that line? 

Dr. Zook. I wonder if it would not be a good idea to see in what, 
field of research we need study at the present time. 

Mr. Davis. Mr. Chapin has named the one phase which has had 
the least consideration. 

Mr. Chapin. 1 am looking at this problem from the standpoint 
of transportation. As to the problems of design of car, fuel, etcj 
they have received a great deal of consideration, and much money 
and brain work are being devoted daily, but little so far has been 
de\ eloped as to the cost of that transportation over the highways, 
.and in my own mind I am trying to compare thp problem with the 
railway problem, which is the maintenance of the way and main- 
tenance of the stock over that way. But we have discussed the 
research problem in so far as it concerns highway building, but 
there has been very little time and energy put in the question as to 
cost of transportation over the roads, and it is such a general subject, 
and bears intimately in its economic phase on everybody in the 
country. It^ pertains t& the cost of living, and it is a subject for 
general research on the part of the people outside the automotive 
industry, although the automotive industry would be glad to get 
research of other questions as to fuel, etc. Here is a^rgblem that 
is entirely new. , 

Chairman. I presume you know that in ;he matter of this funda- 
mental research, not in economic lines, but in fundamental research ' 
lines, the National Research Council is always glad to learn of any 
problems and give any assistance it can in those fields. If there, is no 
further discussion, of this phase of tfie subject, we have for discussion 

the question of business education, to be opened by Dr. Zook. . 

Dr. Zook. I think this subject in its veiy nature is much more 
general than either one of the two that we have so far considered.; 
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It is a problem which can be solved, ^ot only in colleges and uni- 
versities, but to a certain extent in other schools. It is also a problem 
which can be solved in various places in the colleges and universities. 

A good deal more can be done than is being done at the present 
time to teach pupils in the elementary schools something of the 
elementary forms of business, not only for the benefit of industry 
but also for the benefit of the individuals concerned. In^the sec- 
ondary schools also there is a great deal of room for expansion, and 
we find in large cities there is an attempt to perform that funtAion 
through the business courses in high schools. Undoubtedly in the 
elementary grades and in the high schools, as well as in the colleges* 
and universities, there is an appreciation that these problems need 
solution. 


Notv, when we come to'the colleges and universities, in which we 
ife all more Concerned, there are to my mind ^three different places 
where an attempt may be made to give a business education. The 
problem may properly be considered in connection with the engi- 
neering schools; it may properly be considered in the courses in 
commerce and finance that aro now increasing in number in colleges 
and universities; and it may be considered also, in connection with 
the usual courses in arts and sciences. I would like, to say just a 
few words in connection with each of these three classifications. 

1. The engineers present will remember that it has not been very 
long since an engineering student was trained as a technical student 
primarily. In recent years a great many engineering schools have 
been incorporating in their .courses a certain amount of economics. 

The tendency a few years ago was to include one course in general 
economics.* That one course in general economics is even now more 
usual than anything else. I can testify through several years of 
personal experience that that one course taught tcT engineers has 
been somewhat of a disappointment. It has been a disappointment 
because the technical students do not feel that they get out of it * 
what they ought to have. It has been a disappointment also, be- 
cause the character^ the instruction given was not of the grade that 
it ought to T>er I am very fond of saying that there is.no person 
who ought to be more highly trained than the person who deals with 
the social sciences. He ought to be the ablest /nan in a college faculty, 
almost without exception. Immature young men when teaching 
courses in general economics in engineering schools have not always 
been successful, and our technical students are unprepared to meet 
the problems of citizenship that they are reouired to meet os soon as 
they graduate. g - . . ^ 

We have had recently a movement , in engineering schools to sup- 
plement the ^course in general economics with courses in business % 


economics, and it is how becoming* sonfewhat usual, for engineering 
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schools to devote from 6 to 12 hours of their work tc^ courses in 
general economics and business economics. These are courses that 
have to do with business management, corporation law, finance, busi- 
ness law, transportation problems, and with a number of other 
problems. 1 believe that the student who has taken courses of this 
character is going to be an extremely useful man in the automobile 
. industry or any other large industry. I think there is nothing that 
engineering faculties are more agreed upon than that students need 
more or less of this training. If engineers can receive training of 
that sort they will take the places for managers and directors in cor- 
porations that nrc needing men of that character at the present time. 

2. College and university courses devoted chiefly to business and 
finance. I do not know of-any field in which the number of students 
is increasing at a faster rate than in business courses. Institutions 
that are not even well located for this type of work have only to 
ndvertise that they intend to give work of that character in order to 
obtain a large registration. In that respect, therefore, I think one 
may say that the supply of students that will be turned out by 
colleges or universities will be increased very materially indeed. I 
don’t know whether this is much comfort to industrial people, but 
it ought to be if the training is of the value it should be. 

3. There remains, therefore, only the third character of students, 
namely, the liberal arts students. At the present time there are on 
the average about 14,000 graduates per year from these courses. The 
time was that a large proportion of these students went into teach- 
ing. To the very great detriment of the teaching profession at the 
present time they are not going into that field, and wo were forced 
to estimate at the Bureau of Education a short time ago that instead 
of one-half to two-thirds going into teaching, perhaps not more 
than one-third are now g^ing into that field, and most of these are 
young women. Jt appears to me that an increased proportion of 
graduates from the arts and sciences courses are going into the busi- 
ness world. A larger opportunity ought, therefore, to be given 
students in arts and sciences to pursue a certain amount of work 
which will fit them for taking positions in industrial corporations, 
and I may say everywhere I find an increased tendency in that di- 

. rection. If you had any experience in attempting to get teachers in 
colleges and universities you will bear me out when I say that there 
is no field in which it is more difficult to obtain competent teachers 
than it is in connection with these courses in business and business 
economics. That shows what the tendency is. 

Thfere are, these three fields in colleges and universities for copses 
in business economics, therefore,, and to my mind there is in each 
one of them an increasing tendency to prepare students who are 
fitted to take over positions of managers of corporations^ after train- 
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in g in the corporation itself for some time. The prospect in all these 
fields is encouraging. I believe that most heads^of ^corporations will 
agree that it is unnecessary for all men in managerial position to be 
tfchnically trained. 

One other thought I should like to leave: There is naturally a 
tendency on the part of everybody to feel that those courses in busi- 
ness economics which* I have just mentioned should be as practical 
as possible. I think that it is highly to the interest of the industries 
to realize that not only do they need men who are trained in business 
economics, but that along with this work there should be a generous 
training in the social sciences, which are not supposed to be so 
practical. I am thinking of courses in political science, where men 
learn something of city government. State government, and of the 
politics of our country, together with a certain amount of modem 
history. I say this because I do not understand how anybody can be 
a lender in a corporation or in any other circle of society who is 
nothing but a technical man. Not only for the benefit that comes to 
the student as a citizen, therefore, but as a practical avenue to busi- 
ness success it is highly desirable to mix with the business economics 
courses a generous portion of these other courses. 

I do not know whether I have outlined satisfactorily the three 
fields for courses in business education in colleges and universities, 
but l think that in this direction there is greater hope that the de- 
mands of industry will be met by the colleges and universities than 
in almost any other field. 

Chairman. Are there any comments on this? 

President H<jwe, I am much interested in what Dr. Zook has said, 
because it is oUr experience, and presumably it is the experience of 
other institutions, that a very large proportion of our graduates who 
have been out for 15 or 20 years, and who are now presidents, vice 
presidents, or managers of large organizations, come to me apd tell 
me how they have felt when they first had to deal with business 
problems. Some of them were scared to death when they had to sit* 
across from a girl stenographer. I have tried to help these men a 
little by having some courses of lectures gi^en to seniors. I tell them 
that I hope after graduation they will take special courses at Alex- 
ander Hamilton Institute* but I find that after seniors have had this 
very brief course of lectures they come to me and say, “Can we get 
into the business section instead of the technical side? n We encour- 
age a few of them to Jio it, because we think they ought to do espe- \ 
cially well in executive positions. Dr. Zook’s statement meets very 
well with my own experience. 

Mr. Hewes. I should also like to support what Dr. Zook has said 
of the failure of engineering training to sufficiently equip the man ; 
along the lines he has indicated. For . example, the question arises, 
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how can we/^oordinate the expenditure of the public funds with the 
amount which can be used in the construction of roads. This depends 
-upon the knowledge o'f iiow much xoads can be made to earn. The 
student should be given sufficient instruction and vision "along tlu* 
lines of taxation and finance, interest and bond issues, so that when 
he goes to make a report on a system of roads he may not merely re* 
j>ort on materials, on their location, and also on the period of time 
that it will be necessary to construct this system, but he may be able 
to justify his report by the necessary sustaining data. I do not think 
technical graduates are equipped along these lines, and I w ant to ex- 
press myself in support of what Dr. Zook has said. The course is 
• now crowded, and physicists and geologists trre both claiming more 
time. Buf we must l^ear in mind that we must make room for all who 
should come in in four years. 

Mr. Heminw'ay. I am quite in sympathy with the comment which 
have been made by Dr, Zook. I fe.ol that there should be a closer 
contact established between our industrial leaders and our educators. 

- From my observation of men, ifT^iey come from colleges equipped 
theoretically to assume managerial positions, they have very mark- 
edly lacked the practical element, They have been unable 1 to apply 
their theories for quite a considerable period of time, and, as has been 
expressed, they have found themselves lost in the first element of dic- 
tation. Coincident with the studies in the colleges and in the second- 
ary sellouts there should be an opportunity offered, possibly during 
the summer months, for practical application of those studies and 
those theories in business, and if a canvass were made of our large 
industrial leaders I think that an interest might be aroused whereby 
students might have courses in factories and offices. The industrial 
management is a little disinclined generally to accept that thought 
for the reason that it is expensive; it increases essentially the general 
routine work. In general, however, I think a great many of them are 
sufficiently broadminded to accept it. 

Mr. Coulf.iqh. I was a little bit alarmed when I thought you told 
^ Mr. Davis we were not concerned with the vocational element. 1. 
'am so full of that subject that I can hardly talk on anything else. 
I think that there is a great deal to be said of the maintenance end 
of the automotive industry. We are going to need more and more 
technically trained men to take executive positions in repair work, 
asvwell as design and production.. We have thus far followed th.e 
* program of promoting the better mechanics to the executive posi- 
tions. But I believe that the time is coming whence maintenance 
work will be carried out on such a scientific plan*that it will need 
technically trained men to do it. It will become worth the while 
r * of a full-sized engineer to plan out ways’ and methods, systems and 
organizations, and all those other things which are so much involved 
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in production, in repair methods. If these methods* were followed 
in the factory we would make automobiles cost four times as much 
as they do. By applying the samcjtheory in the repair of cars wo 
could repair them for about one- fourth of’ what we do now. Now, 
that may be an unattainable ideal, but I believe that when business 
sense and engineering genius are applied to the maintenance problem 
we will be able to conduct this work in a very efficient way. 

Mr. Logan. I thin^jjjhat if we had here a number of the executives 
of the industry with which I am connected they would want to gfve 
Dr. Zook a vote of thanks. As an evidence of how much it means to 
take an engineer along the lines of'business, I think everyone will 
agree, when a young man or even an old man comes into an engineer- 
ing organization, if he is in a position to understand his work not 
only froiri the engineering end but from the business end, there is a 
cooperation that works to the advantage of the company which he 
represents. But if he only works from an engineering point of view, 
the man in the office with only the business view docs not get along 
with him. The result is, if we will put more in the course relative to 
the business, when he does come into an organization he will see that 
thorcaro other problems from the commerciaM point of view. I have 
,inr mind a technical man in our office to-day whom I believe would 
rather be in the commercial end, because he is always cooperating. 
He is always doing everything he can, not only from the engineer- 
ing standpoint, but from the other end of the business. I recall 
about five years ago, when I was with another organization, a man 
who had not the sense of cooperation, but was strictly a technical 
' man, was called into a conference. He could “ gum up ” more busi- 
ness for me than I could ‘ rake up ” in a year’s time, because he saw 
it only from the engineering point of view. Ort the other hand, the 
other man is right there on the spot to cooperate, and will see our line 
of thought Tire engineer who has not had business training has 
only one thought, and that is engineering. 

Mr. Davis. I would like to bring out possibly another point in 
connection with that. I have had charge of a number of draftsmen 
in the engineering work, and many times young engineers right out 
of college will come to me and ask if I would advise them to go 
into the commercial end, or in' the administration end, or into the 
Strictly engineering line of .work not connected with the automotive 
industries. I have answered them in this way: First, I ask them 
what they studied in addition to technical work. If they have taken 
courses in economics and business administration, that is fortunate. 
Beyond that I ask them if they absolEtely can not help but g6 info 
engineering. If they are not ordained to be engineers, they had * 
better gp into the business end, into the sales, ^commercial, or'one of 
the other ends. The demand for the highly trained technical engi- 
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neer who succeeds is not great in the-^automotive industry. The 
demand for men with an engineering training who kttow the other 
phases is very great indeed, and I can not put too much emphasis 
on the fact that the engineers should' have an insight into the eco- 
nomic side, because when they come out of the engineering school 
only a very'small percentage are fitted to continul in the engineer- 
ing work, strictly speaking. The others will be forced out of the 
engineering, and if they can have a little training before they- start 
to work which will give them certain principles of business training, 
they are 100 per cent better off than the man who has gained it by 
actual experience. * 

Dr. Jarvis. I have nothing to contribute to this disciresion except 
to note that wc have overlooked one important phase. President 1 1 owe 
says that our four-year course is too overloaded, tuid has too much 
in it. That hjs suggested to me that wo need a little closer articu- 
lation between the secondary and higher institutions, is it not pos- 
sible to crowd back into the high school some of the work wc are 
now offering in the colleges? Many boys in high school know they 
are going into engineering. That is the case to-day more than- 
preyiously. Some men have looked to an industrial career, and ' 
why should wc not have a greater flexibility in our secondary school * 
course, and provide for general industrial curricula in the high 
schools? It seems to me that that would give us more time in higher 
institutions to give instruction in business economics and managerial 
instruction. President Brush, of the Emergency Fleet Corporation 
of Philadelphia, said that hardly a graduate of a technical school 
knew what a balance sheet looked like, or knew the difference between 
a lease and an invoice. We can give more in our secondary school 
courses, also along the lines of business training, to make up for the 
deficiencies thSj^we realize now in our engineering graduates. If 
they had some instruction in business forms and business methods 
there would not be the need for them in the college course. At the 
same time our college course must make sure that the graduates have 
that training along economic business lines before they go out. We 
should carefully articulate the secondary courses with those of the 
colleges and universities. ' N 


MEMORANDUM REGARDING RESEARCH WORK TO BE 
UNDERTAKEN IN HIGHWAY ENGINEERING. 

Bj Mr. A. T. Goldbecx, Engineer of Tests, Bureau of Public Roads. 

There are many problems to be undertaken in connection with the 
design and construction of highways. The advent of the heavy motor 
truck has brought with' it problems in construction and design Which 
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hitherto have needed but very little consideration. The roads which 
we have built in the past were built with the idea of carrying com- 
paratively light, fast-moving motor traffic, and they were generally 
quite satisfactory for this purpose, but they have become entirely in- 
adequate for the extremely heavy loads imposed on them by the more 
recent heavy motor-truck traffic. ' - 

There are numerous problems which have to do with the alignment 
and grades of roads, curve elimination, banking of roads on curves, 
maximum grades, character of m^erials for wearing surface, but by 
far the most important problem is that of the determination of 
proper designs to carry successfully heavy traffic. 

The design of the present day road surfacing is an exceedingly 
complex problem. In the first place, the loads acting on the road 
surface are not merely static loads but they are applied with consid- 
erable impact. The road surfacing does not i*st on a uftiform sup- 
port, but this support is extremely nonuniform in character, varies 
from day to day, and even varies according to the character and 
position of the load on the road surface. The analysis of stresses in 
road slabs is, therefore", a very complex problem in applied me- 
chanics, At the present time this problem is being attacked by the 
Bureau of Public Koads in the following general way. N ' 

Ip. the first place, since the loads are applied with impact due to , 
the unevenness of the surface and speed of the moving vehicles, an 
attempt is being made to determine accurately the amount of this 
impact Different sizes of trucks are being used, and pneumatic as 
well ns solid tires are being investigated. As in the design of any 
structure, after knowing the amount of load imposed on the structure, 
the next step is to determine the effect of that load, and for this pur- 
pose another series of tests is being carried out in which a large 
impact machine designed to resemble the conditions on the rear wheel 
of a heqvv truck is being, inod. This machine exerts impact on road 
slabs of different construction laid directly on the suhgrade, and the 
effect of continuous impart on* these slabs is carefully noted. 'Still a 
third investigation is being carried out in which a specially designed 
machine is rolled over the sections of pavement in order to produce 
accelerated wear on these scorns, and careful photographic records 
of the. India vior of these ^ectionsnmder accelerated traffic arc kept. J 
^ As the subgrade, is part of t Iff. road structure, a compreheuS*^ 
series of investigations has likewise^been started to study the elmrac- . £ 
teristics of the soils which mako good or poor supports for road * 
surfaces. In additiori, studies are being made of methods of drainage ' 
in an attempt to develop effective systems as applied to different con - 1 
ditions of soil and topography. < 

These are some of the big main problems in structural design of 
toads, and these major -problems are capable of subdivision into a V 
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, ' large number of minor problems, some of which appear in the foK 

lowing list; 

THE SI^GRADE. 


, (o) Propq^es of the Material Composing the Subprade. 

1. - The bearing pmvor of soils subjected to various compressions and con- 
taining various amounts of moisture. 

2. Study of capillarity, both vertical and horizontal. 

3. -Effect of mechanical analysis and chemical properties on capillarity. 

4. Interrelation of type of soil, percentage of moisture and volume. 

r>. Effect of freezing and thawing on v-dume and supporting properties of soil. 

G. Study of the distribution of pressures through soils due to concentrated 
loads. 

7. Study of methods for improving bearing power of soils. 

8. Methods of compart ion and amount of compaction to be given to sit 1 . grades' 
to render their volume constant. 

0. A study of the friction between subgrades and road surfaces^ 

(&) Drainage o^the Subgrade, 


1. Study of the drainage methods to b» applied to soils of different types. 

2. Study of methods of renderiug soils impervious. 

3. Study of drainage to take* cure of freezing conditions. 

4. Study of conditions affecting run-off. * 

5. Study of gutter design under different conditions of grades and soils. 

G. Study of inlets. \ 

7. Study of embankment wash ns affected by roadside planting. 

8. Study of percentage of moisture in various subgrudes at various depths. 

0. Study of various methods of drainage to be employed with vaMous types 

of subgrade. 

10. Study of heaving of road slabs due to frost 

It. General study of the relations existing between the physical properties 
o f the soil composing the subgrade and behavior of the road slab might Include 
a cobtparatlve study of subgrades which show typienlly good and pool* bearing 
power in various seasons of the year and under both good and poor drainage 
coiidltldhs. 

THE WEARING SURFACE. 

In the wearing surface there will berincluded the road foundation 
as well as the actual surface material subjected to the action of traffic, 
A study of the wearing surface involves an investigation of the 
forces which act upon the surface tending to destroy it, a study of 
the properties of materials employed in the construction of the sup 
face, their proper combination, ami the design of the pavement as 
to thickness and shape ^of cross section. Each* type of wearing sur- 
face possesses defects which render necessary investigations to ink 
prove .these particular shortcomings. 

AMOUNT «>P IMPACT ON ROAD SURFACB8. 



r The measurement of impact on roads, using trucks of different 
weights, tire equipment, and wheel equipment, should be made. 


<* r. te*. 


j -v'^v * Ay.- — 
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EFFECT OF impact ON ROAD" SURFACES. « ^ 

The effect of the impact of trucks on various combinations of road 
surfaces should also be investigated. The following surfaces are 
suggested for investigation: 

Plain concrete. 

2, 4. 0. 8, or 10 inches by 7 foot squiin ■; also 0 Inches 
tl.i- l; l>y 14 feet square . Poor mh(rrndft 

Well-drained sub^rade. 

V Monolithic construction — Wirc-cut lug brick. 


I)o_ 


1 im h screenings... Good 8ub ^ de 

'• ~. 4 ' or G ,n< ' h wf-ete __ — Poor subgrade. 

* 4 — .'Well-drained subgrade; 


Do 


Monolithic construction— Vertical fiber brick. 

4 or f. inch concrete base ....Good subgrade. 

Monolithic construction — Repressed brick. 

4 or (1 Inch concrete base .....Good subgrade. 

Semimonotithic construction— Wire-cut lug brick. 


4 or n Inch concrete base Poor 


Do. 


subgrade. 


“ Well-drained subgrade. 

Sand-cushion construction — Wire*cut lug bridt. 

4 or 0 Inch concrete base Poor 8ab)frade . ... 

j /rV Well-drained subgrade. 

4 or 6 inch concrete base, using 1-inch screenlnffs_„___WellHirained subgrade. 

t 

Wirc-cut lug brick— Orout filler. • 

9 nM2_lnch macadam foundation 1 Poor subgrade. 

Do 1 Well-drained subgrtfde. 

" VSfticai-flber brick— Bituminous filler. ' ' 

4 nr fl tneb concrete base, sand-cement cushion! Poor subgrade. 

Mach concrete base, sand^cment cushion....’ ^Well-drained subgrade.'*"? 

Vertical -fiber brick — Bituminous filler. r ■ 

| »r 6 inch concrete ba£ sand cushion .11 Poor subgrade. 

Mach concrete base, sand cushion Well-dralned subgrade. . 

9 or 6 Inch concrete base, Screenings : ... WelKdralned subgrade. 
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4 or C Inches. 
6 Inches 


wc-nu tuff — ullUtninoUi : 


r 


- Poor subgrade. 
..Woll-drnined subgrade, 


Monolithic construction— Thrcc-inch irire-citt luy brick . 


8 or 4tach concrete base I'oor subgrade. 

a Well-drained subgrade. 

4 or G inch bituminous base, 4 Inches brick. 

Mastic cushion and mastic tiller. 

Cold mix base. 

Rich concrete base for brick slabs. 

Concrete slabs having poor aggregate. 

Concrete slabs G Inches and 8 Inches thick, plain and reinforced. 

Rltuinlnous surfaces on concrete and other bases. £ 

Reinforced concrete slabs of different thickness. 


The ’above tests have to do with the load-resisting qualities of the 
pavements. ^Special types of pavement should be 
through special investigations, as follows: 


investigated 


CONCRETE PAVEMENTS. 

O 

1. A study of the economical proportions for various aggregates to render tin- ' 

pavement resistant to abrasion.. (For Instnnee. the economy of 1-2-3* ' 

1 : 2 : 4 mixture.) ‘ 

2. A study of the wear-resisting qualities of concrete, using speelnl^gregntes 
such. as soft limestone, soft sandstone, blast furnace slag, etc., as compared- with 
standard aggregates such as gravel, trap rock, etc. - 

3. A study of admixtures such ng hydrated time and dlatonuiceous earth. 

4. A study of central-plant-mixed concrete versus concrete mixed at the work 

5. The effect of consistency. 

C. A study of the size of aggregate*} on the physical properties such as resist- 
a nee to abrasion and crushing strength. 

7. Vlbrollthlc concrete. 

8. Machine finished versus hand finished concrete roods* 

0. A study of the cracking of concrete surfaces. 

. 10. The prevention of the creeping of surface on grades. 

11. Preventfon of heaving and slab over-riding. , 


REINFORCED CONCRETE PAVEMENTS. 

1- I’er rent of steel required to prevent serious cracking under dim-rent sub- 
graJe conditions, . v 

(а) Under Impact, 

(б) Due to other causes such as freezing, temperature change, and uiola- 

• ture change. t 

2. Proper location of steel. 7 

8. Circumferential Meel. 

4. The use of hard orh© steel, rerplled rail, oiWrtllet steel. * 

5. Plain or deformed bar£, ijjie use of bars or sheet steel* 
fi. An Investigation of the uCof steel tiicks. 
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! i 

. BKICK FAVKMKNT8, ! 4 

1 What thickness 1 r comparable with concrete and other types 'on various 

^ : $p;idps. ^ j 

2 llnw do various types of^brlck construction compare In strength? ' 

What- rattler loss should he wet for different trullle coudltlous?! 

•I Should Individual brick losses l#> kepi within a narrow* limit? What 
i*- tht* average per cent of loss and mhspmte specification? 

r» Study of abrasion resistance of brick having different rattler losses. 

C. Study of the relative merits of Portland cement emut and bituminous 
till'-rs. # • 

7 Study of relative merits of rattler and toughness test for puvtug brick. 

8. Study of tlte merits of “ Ingle**" brick. 

RITUMINOI S COJ/l KKTK PAVKMFNTS. ' « , 



1, The resistance to impact of bituminous pavements as compared with con* 
civic and brick on basis nf difTerent kinds mid thicknesses. 

2 .V -study of the proper gradings of mineral aggregate for bituminoii^con* 
rrciis to obtain maximum density ami rigidity to ellmloute waving and 
humping. „ 

X An Investigation of the test ref|iiircincnts for different typetiof bituminous 
imiM'luls for use in vnrious types of bituminous construction' under different 
climatic conditions. . £ 

•1. A study of the forinntlon of fvnves In nsplmlt surfaces. *» 
r». A study of the relative merits of eon civic, bituminous concrete, or broken* 
stone buses for bituminous concrete or hlunninous maeadnm p^Vements. 

<J A study of bituminous earth mixtures, with, the Idea of developing an 
edicienj surfacing for pnrts of the country where aggregates are not available. 

7. The development of an clltelcnt method for protecting concrete w*enrlng 
surfaces with bituminous -mats. 

■* ^ A study nf special aggregates for bituminous concrete, such as gravel and 
bl;M furnace slag. 

* nm'MlNlM’S MACAIMM. * 

1 Study of the characteristics of bituminous materials to be used with 
different -tyiies of aggregates In various parts* of thedouutry. / . 

2. A study of the most etllcleni >lzt* and grading uf 'aggregates for use In ^ 

liiiiiadnous maemlnm. ‘ • / 

A study of concrete versus broken -stone foundation for bituminous mac* 
Mtlam. ( r ’ 

-1. A study of uiet hods of ropnlr for wavy hi luminous uiucuduiu surfaces. 

I.AROHATOUV SITIUKS. * 


MOMUTUMINOUS klATF.KI AI,S* 

1 * 

1. Develop a suitable abrasion test for aggregates 'for use In concrete pnvo* 
meats. 


2. Standardize the crushing strength testator rock, brick, etc. 

*3. Standardize an abrasion test for gravel for use lu gruvfel and lu gravel 
idiHxete roads. ' • 

4. Develop a test for stone paving -block. ^ , 
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f*. Ii7\0sligaij‘ pcstper iihmIhkIs for |i;i\ iii'Z iiial<*ri:i1s, 

6. StaiMln nli/.r u*si> lor silt in sum! am! grnvej. 

<• Develop ini • 1 1 h m Is lor la I m >nil or. v inv vsi igj^mis of shih.I eluy for shimI r|.*i» 

roads. * ™ 

8. Investigate Idusi furiiino slay: with tin* idea -of forum lilting safe sptvhira- 
tions for various types of c<m>rnicth>n. 

1). I>evelop a satisfiictory met hod for t • • ^ I i 1 1 ir su.tid* fur different propurijoiis 
of concrete. mortar and gnuit ofb#*r tlum tin* *i rcugi h n.itio method. 

10. Standardize llic coiniiioruiid sixes of broken stone, broken King, and gravel. 

HI I t M I .\ ill’s M \ J Kill \ l.s, 

1. 1 density of hit uininous mixtures inv ol\ in- i lie .t«*iiipera i lire at which nmxf- 

HHiin compression is obtained. 11 , 

2. Determination Af water in hit mnimms ru;ul nmti»rials. 

‘h hei oriiiiiiation of flash point of bit umiiioiis juaieri.ik 

4. ( Vinporatix *' v 'nlatili/n I ion rests < »i i a*|*hahs and ro ot nils in the W\v 
^ ork Testing laihoralors ga.s oven and in t In* Viva* .‘by i ri«- own* imi ng Jo ;i | h | 
on samples. ^ 

o. Adhesion of hit utninoiis tillers to brit-kaiu.d stone Murk.. 

0. Toughness n f l>iniminou< nggivgjiies. 

7. lnvestignt ion i » f the chcMnical roinjmsil ion of hi I inuiii.nis nia irl’ia Is fur ihu 

pel cent a^es ol ashpbalhuis acids and their iinhyd i ides., ;?sj dinlteneb. petroleum 
resins, rind uimlitMvd pel n.lnums he fore ;nnl affer l»« iiur sub>emd to r \|, llMI • 
lesls. with the idea-of dolerminiug I lie change in Hie eheiui« al eompusitiuti Lliai 
takes place. . ' * 

PKOin.KMS IN KUiNuMK S Ol KOAlJ CO\ vmVnpN # 

1. \\ hat effect have grades on cost of haul? 

2. What effect Iptve different surfaces on cost of haul? * 

d hat effort* have turves on cost of haul? 

4, \Vhat effect have different surfaces on the wear of tires? 

5. I low should nioiup \eliiclcs he taxed? * 

0. 1 inlet* what conditions should a road he improved to i«nke care of fncreasi^l 
weight of traffic. 

7, Snuly and developiuerd of economical schemes for handling materials ai 
the uuarry. crushing and screening plants. 

8. Study ot the tractive resistance* nOcivd h t v various road surfiu^en. 

I lie above problems art* listed merely as suggestions of the amount 
of research work which should be .undertaken, Undoubtedly there 
are numerous other problems which, in turn, are capable of being 
subdivided into minor researches, some of which could be carried 
out by engineerin'; students under proper supervision. 

The highway problem has developed into a complex problem of 
design and has become **ne of great importance, dne to the vast ex- 
penditures of public fmwJs for highway construction. Highway 
research should, therefore, be organized oil n national basis, and every 
research laboratory in the country shoukl be included in a liatiomif 

problem of highway research. , 

«. * 

1 y 

« 
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I High schools. — Bookkeeping; commercial law; elementary 
hanking: ami elementary practical economics. 

II. Colleges and universities , — In this connection attention is 
called to the recommendations' 'of the Conference Committee on Com- 
mercial Engineering, which met, at Washington, 1). C., -March .‘11 
ami April i, 1U15) : ' « * 

1 Tfint from 12 to 1$ semester hours ht» m|iiirc<{ in all enpineorhi? courses 
_ ii i I he fi»l I*i\vin «r subjects* (iwioml cconomb-s; cost accounting; business rc- 
oru mizat ion ; and business law. 

‘J. That a curriculum providing for a minimum of 15 to 30 units in business 
economies ho incorporated in all ongimHuing courses and offered on an elective 
besis, It is recom n mi ulml that electives J>e encouraged in connection with all 
engineering courses In the 'following subjects:: Labor and employment problems; 
statistics; corporation management and tlnniic**; |»nlitirnl science; tnarketing. 
including advertising and -salesmanship ; psychology; seiontilic management ; 
and transportation. It is further recommended that economic phases of engi- 
neering subjects lie -emphasized wherever possible in engineering instruction. 

i 

In addition to tin* subjects suggested Viv the above conference 
committee, students should lie permitted* and encouraged to elect a 
course in highway transportation economics if possible. 

.Students in, arts and sciences should also lx permitted anti en- . 
cou raged to choose from 12 to 18 hours of work from among the 
foregoing subjects. * . 


REPORJ OF THE COMMITTEE ON RESOLUTIONS. 


Chairman: Roy D. Chapin, president, Hudson Motor Cur Co., 
and vice president of the National Automobile Chamber of Com- 
merce. > . 

Secretary: Pvke Johnson, secretary of highways committee. Na- 
tional Automobile Chamber of Commerce. 

Whereas American science -and industry have forged a new unit of highway 
transportation which IS destined to bring about it far : reHching, change in life , 
anil thought not only in this country hut In the world 5 and 

Whereas the problem? of highway engineering and of %lgli\vay .transporta- 
tion engineering are so closely interrelu(e<l as to demand not only the highest 
type of trained men to guide them hut an appreciation of the entire problem 
of highway transportation by both highway and transportation engineers; and 

Whefeas the American people bate seen tit to meet the needs Of highway 
transportation with appropriations for hundreds of millions of^ dollars for 
belter highways, which can .only, be expended efficiently and Intelligently as 
we comprehend to the fullest extent < he eedhonde relationship existing between 
the roadbed and the motive unit ; and 

Whereas these problems, calling as they do for men of the highest collegiate 
ami vocational preparation, cum be solved only us our educational institutions 
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are able to niot'f tills need with increased facilities for n*st»grrh. «tudy. nn<| 1 
’ jirartlral application: Now ihrrefnre he It f 

ftv*oh>e<l t That wo, thr representative^ of education. industry, mitt thn * 1 1. 
ment. assembled In muhunil rotiferem-e sNv asliington. 1 >. O., at the cull m 
the OoiiniilsHiont*r of Kdiicathm. t* » dismss this subject unit to fnimniaie n^mii 
liieiidathms concerning It. do* hereby concur in the following statements; 


That there is no. one domestic activity of more vital- ini|n>rr to the people >n 
the I niftsl States Ihmi an efficient ami emtioiitlrnl adminisi ration of utir high- 
way program ; 

'I'lmt there Is h pressing demand for trained men. tmt ahme to guiiii* t lii- 
program. but al.*s> to undertake (he prohlnji of produrl mu him) the <H-ommij ( - 
nse of vehicles over the highway; 

Tlmt this need ran only lie met by in* Teasint educational fa«-ilitie*c b.f turn 
iiitr out these men ; 

That the entirfe sub jeer Is one which shopld |>e closely. eoio-iljiin ted ami 
permanent commitier m.ele up as hereinafter designated should Im> aV:»HJiieil 
hy the (‘ummissloner of Kducation to eonslder this pi-oldcm in it*. vr\i-ral 
aspects and to bring ahum a fuller underfunding of it on the part of the p«*op’t,. 
of the country. 

That the iroinponent parts of this -mnmdttee should represent the lhirean 
,of Education, the Bureau of rublle Knuds, the Wur department, the Staitf 
highway departments, ihe automotive ii dust rh**. the tin* and rubber h»hi«- 
tries, higher educational Institution* dm groups best ef|Ui|i|*ed to rurnidi 
iiie technlctf% information needed and to work out the*- great public attest ions. 

• lho 1 i. I *n M*IN. 

H S. 1-* I H t S I i > \ K, 

I ' X ft. 1 >. S A HnKNT* 

• . Titos, II*. >| u I Niv ai n. 

• fit \ht.i s S. liimt/ 

l{r\ulntnntn {'otHIttlll* • . 


Tir>: r>;rM \ni.nt o»mmitti:k. 


In harmony with the foregoing' resoluiions the following coni 
miltfe.. <yr .highway and highway transport eduratum was named: 
P. P. -C'laxton. Commissioner of Education. chairman. 

Tims. H. MacDonald. Chief of the Bureau of Public Hoads 
Paul D. .Sargent, chiet highway engineer of Maine, aiul presi- 
dent American .Assoriat ion of Stale Highway Offiriajs. 

Col. Mason M. Patrick. Corps 'of Engineers. United States ’ 
Army. War Department. . . 

Hoy D. Ohnpin. vice president National Automobile Chamber 
rtf Commerce. , ■ m J 

11. S. Firestone, jrffsident Firesimie Tire »& K libber Co,, repre 
>entiijg the Kubber Association of America. 

F. U. Bishop, dean of the School of Engineering. University of 
Pittsburgh, and secretary of the Society for the Promotion \>i 
Engineering Education. 

• At a recent meeting of the permanent committee <m highway and 
highway transport education. Prof: C. J.Tilden, S. A., pro* 

rfe.^Tdf engineering .mechanics at Vale University. a\ as elected to 
v direct the educational program of the committee, iho t rupees of Yale 
:: University having consented to release ljrof. Ti Fieri until September 
192L . ; * ; 
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